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ABSTRACT 

Recycling of asphalt concrete pavements is a developing 
technology, resulting in cost savings, energy savings, and 
the conservation of natural resources. The purpose of this 
research is to investigate the application of this 
technology and consequently to promote its usage by 
providing improved design and construction techniques and 
recommendations. The research is mainly concerned with 
central plant hot, mix recyc! ing. 

This study firstly presents a summary of various 
recycling categories and techniques and the factors to be 
considered in selection of recycling projects. This is 
followed by recommended procedures for controlling the 
quality of the recycled asphalt concrete pavements. A 
sequence of steps leading to a recycled mixture design is 
then presented. 

The two 1982 recycling projects in Alberta, which were 
constructed during the course of this research, were the 
major contributors in improvement of design and construction 
techniques developed in this thesis. 

To investigate the validity of recycling pertinent to 
cost and energy saving, an economic analysis is developed 
and a cost comparison between conventional and recycled 
asphalt concrete for the two Alberta recycling projects is 
Carried out. It is proved that recycling will yield great 
Savings in cost and natural resources without sacrificing 


the quality of the pavement. 
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The findings of this research indicate that recycled 
asphalt mixtures exhibit satisfactory engineering properties 
and pavement recycling can be the most desirable and cost 


effective alternative for pavement rehabilitation. 
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1. INTRODUCTION 


1.1 General 

Recycling is defined as the reuse, uSually after some 
processing, of a material that has already served its first 
intended purpose. 

Recycling of pavements is not new, but rising prices of 
asphalt binders have been a major stimulus in the 
development of new equipment and techniques, which has made 
recycling an exciting development in the field of asphalt 
paving. The recycling of asphalt pavements has increased 
dramatically during recent years. This has been due 
primauilyetowther favorable economics in constructing 
recycled pavements and the favorable publicity that is 
generated when natural resources are conserved. 

The savings obtained by using this technology, in both 
energy and natural resources, have given impetus to many 
in-depth research projects. The ability to rejuvenate 
distressed pavements and reuse deteriorated pavement 
materials and perhaps, most importantly, the potential 
Savings of petroleum binder cost are the most important 
factors in development of recycling technology. 

Cost savings, energy savings, and the conservation of 
natural resources are not the only potential benefits from 
recycling. Other benefits may include: 

i. winereasingethe structuralecapability of the pavement 


without increasing its thickness, 
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2.8 COEPeECUINgGtexmsting mix deficiencies, 

3. Correcting base problems, 

4, Minimizing or eliminating reflective cracking problems, 

5. Maintaining overhead structure clearances, 

Ge Correcting ior eliminating surface deformation isuchwas 
But HiNGmos shoving. 

Recycling of existing pavement can now be considered as 
an alternative to conventional rehabilition procedures for 
most projects. 

As a technology, asphalt concrete pavement recycling 


has come of age (1). 


1.2 Objectives of the Thesis 

The primary objective of this research was to 
investigate the technology of asphalt concrete pavement 
recycling and to propose improved design and construction 
techniques. 

The secondary objective was to assist in the 
development and implementation of a program for asphalt 
pavement recycling for Alberta Transportation. To meet this 
two 1982 central plant hot mix recycling projects were 
monitored and consequently design procedures and 
recommendations drawn for future recycling projects. 

A further objective was to consider the potential cost 
Savings and conservation of natural resources by the method 


of recycling used in these projects. 
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1.3 Scope of the Thesis 

The processes associated with asphalt concrete 
recycling were examined and an extensive literature survey 
on paSt experience and current practice performed. Since 
only two recycling projects were constructed during the 
COULSEOTethissresearch invAlberta, ther testy results 
utilized in this study are limited to these two projects. 

This research is mainly confined to central plant hot 


mix recycling. 


1.4 Organization of the Thesis 

The introduction along with the objective, scope and 
Organization of the thesis are given in Chapter 1. 

In Chapter 2 various recycling categories utilizing 
different techniques and equipment are summarized. 

Chapter 3 contains the factors that should be 
considered in selection of recycling projects. 

Quality control procedures for recycled asphalt 
concrete are discussed in Chapter 4. 

Chapter 5 presents a sequence of events necessary for 
the development of a mixture design for recycled asphalt 
concrete projects. 

In Chapters 6 and 7 case studies which contain the 
design, construction and testing program of the two 1982 
recycling projects im Alberta are discussed, The results of 
the tests performed and the observations obtained during the 


course of these two projects are analysed in these chapters. 
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A discussion on economic analysis of asphalt concrete 
recycling along with a calculation of the savings for the 
two Alberta recycling projects are given in Chapter 8. 

Chapter 9 gives a summary of conclusions drawn from the 
literature review, case studies, and the results of tests 
and analyses. Recommendations for future recycling projects 


are contained in this Chapter. 
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2. RECYCLING CATEGORIES AND TECHNIQUES 


2.1 General 

The technology of pavement recycling has undergone 
Significant advances, employing various methodologies 
depending on variations in pavement conditions and stages of 
pavement distress. 

Recycling categories have evolved into the following 
schedule (2): 
[POUL ACeMrecyclning? 
24, ini place surface and base recycling, 
Spaacentralmplantarecye ling: 

A brief description for each category is given below 


with more emphasis on central plant recycling. 


2.2 Surface Recycling 

Surface recycling is defined as reworking and/or 
removal of the surface of a pavement to a depth of 
approximately 25 mm by heater planer, heater scarifier, hot 
mitdainge coldimablang ore’coldsiplaningidevices lhe operation 
may involve the use of new materials including aggregates, 
modifiers and/or asphalt cement (3-8). 

In the process of surface recycling heat may or may not 
be used for breaking up the surface, and the construction 
may be either continuous or multi-phased. 

Surface recycling is only appropriate when the 


condition to be corrected is near the surface of the 
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existing pavement and there are not structural deficiencies. 

some of the reasons for surface recycling are as follows: 

1. To correct or eliminate surface deformation such as 
ructCIngwonesshovang? 

2. To correct or eliminate a slippery surface, 

See in Gormrecting the above, to maintain thevoriginal 
elevation of the surface, and 

4, To minimize reflection cracking through an overlay. 

A wide variety of recycling equipment has been 
developed and a number of innovative techniques for surface 
recycling are available. The equipment and the associated 
techniques have been categorized into heater planers, heater 


SCarifiers; hot millers, “cold planers, and cold miliers. 


2.2.1 Heater Planer 

The heater planer is a device that heats the pavement 
surface and then shears up to 25 mm of the hot material with 
a steel blade or plate. 

Heater planing has been used primarily for maintaining 
pavement longitudinal and transverse cross slope. Other uses 
include removing pavement from bridges to reduce the dead 
weight; maintaining proper clearances in tunnels, at 
underpasses; and removing surface irregularities from rough 


pavements(2). 
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2.2.2 Heater Scarifiers 

The heater scarifier is a device that heats the 
pavement surface and rips the surface up to a depth of 25 mm 
by raking spring loaded steel points over the hot materials. 

The basic recycling operations using heater scarifiers 
can be summarized aS: preparing, heating, and scarifying the 
Surface; adding additional material if required; compacting; 
making final adjustment to manholes and drainage structures; 
and opening the facility to traffic. 

Heater scarifying can be used to remove pavement 
Surface irregularities and roughness, to reduce reflection 
cracking, and to improve the bond between the old pavement 


and a new aSphaltic concrete overlay. 


Zen. SeHOti Miter 

The hot miller is a device by which the pavement 
surface is heated and then milled with a rotating drum that 
has cutting tips mounted over the cylindrical surface. Hot 


milling has not been extensively used. 


2.2.4 Cold Planer 

The cold planer is a motor grader with hardened steel 
blades. The cold planing process is used to remove surface 
material that is deteriorated or causes surface roughness or 
slipperiness. The operation is normally considered to be 


maintenance, and the removed material is often reused. 
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Pee usecCola Mi2ler 
The cold miller is a device which uses a rotating drum 
with special teeth to cut a pavement to a predetermined 
depth. Its major application is the removal of surface 
deterioration. It 1S capable of removing pavement to a depth 
greater than 25 mm. Thus, this type of equipment can be used 
to provide pulverized material for in-place and central 
plant recycling operations as well as for surface recycling. 
The types of pavement distress that can be treated by 
cold milling include rutting, ravelling, flushing, and 
corrugations of asphalt surface pavements (2). 
Some uses of cold milling operations include: 
1. Texturize the pavement surface to improve the skid 
resistance and provid a smoother riding surface, 
2. Restore pavement geometry, 
3. Repair localized failure areas, 
4, Increase overhead clearance, 
5. Extend life of the overlay because of providing a 


constant resurfacing thickness, hence uniform density. 


2.3 In-Place Surface and Base Recycling 

In-place surface and base recycling involves the reuse 
of existing surface, base, subbase and/or subgrade 
materials. In-place recycling techniques are different from 
the other broad categories of recycling in that all 
construction operations are performed in-place. New binders 


such as lime, portland cement and bituminous materials can 
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be used in the recycling process. After the roadway has been 
pulverized, mixed and placed, it will normally require a new 
wearing surface such as a surface treatment or asphalt 
eoncretes 
The types of equipment used for in-place recycling are 
very Similar to that used for on-grade stabilization with 
lime, cement or asphalt. In general, the only specialized 
equipment is that used to properly size bound materials 
prior to restabilization. Specially designed pulverizers, 
hammer mills, or cold milling machines have been developed 
ORME S purpose (2). 
Some of the advantages of in-place surface recycling 
operations include: 
1. Ability to achieve significant pavement structural 
improvements, 
2. All types and degrees of pavement distress can be 
treated, 
3. Reflection cracking can be eliminated if the depth of 
pulverization and reprocessing is adequate, 
4. Frost susceptibility of subgrade and subbase soils can 
be improved by use of the process, 
5. The pavement ride quality can be improved, 
6. Skid resistance can be improved, depending upon the type 
of surface placed on the cold recycled section, 


7. Hauling costs are minimized. 
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2.4 Central Plant Recycling 

Central plant recycling involves removal of the 
pavement from the roadway after or prior to pulverization; 
processing of material, either cold or hot at a central 
Kocatvon, (we Cheorywithoutether addition ofvammoditizer: 
followed by laydown and compaction to the desired grade and 
depth. 

Central plant hot mix recycling is emerging as the 
method with the great potential and the growth in its use is 
dramatic. Extensive research has been conducted in this 
Evetd: 695 13:28 

Equipment for hot recycling can be divided into three 
categories: 1) pavement removal and sizing, 2) reprocessing, 


and 3) laydown and compaction. 


2.4.1 Pavement Removal and Sizing 

Two approaches have been used to size the material 
prior to recycling in a central plant. The pavement can be 
reduced in size in-place and then hauled to the central 
plant, or the pavement can be removed from the site and 
crushedtat theecentraleplant:. 

In-place removal and sizing can be performed with 
equipment normally associated with surface and in-place 
recycling sucheasehotami Ling ecold mitlangeandgneater 
planing machines. The use of cold milling machines has been 
more widespread. This type of equipment is primarily used on 


projects which require only partial depth removal of an 
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existing pavement. The size of the milled product will vary 
depengmungroneseveraletactors:mthescitringeteethmrtocward 
speedsofarhemmachine, #depth of tthe cut, "and propertiesrot 
the reelaimedematerials The milled ¥material will usually be 
Suvtable for hot recycling without further size reduction, 
although there may be a small percentage of oversize that 
will need to be either crushed or screened off. There will 
usually be a slight increase in the aggregate fines as a 
result on milling. 

Central plant sizing can be performed with conventional 
fixed and portable crushing and screening equipment. The 
pavement is normally ripped and broken up prior to loading 
in a $size Suitable to be received by the primary crusher. 
The asphalt concrete pavement may be removed full-depth by 
front-end loaders, bulldozers, or motorgraders. This type of 
removal technique is primarily used when an existing 
pavement exhibits distress which can only be corrected by 
complete reconstruction. 

The reclaimed asphalt concrete pavement should be 
reduced to an appropriate maximum size through the crushing 
Or milling processor. Based on past experience, this 
appropriate maximum size appears to be in the 35 to 50 mm 
range. Particles of this size seem to be able to break down 
into their original asphalt and aggregate components when 
put back through a batch or dryer-drum plant modified for 
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2.4.2 Reprocessing 
The reclaimed material can be reprocessed along with 
additional new materials through a modified batch or drum 


mix plant to produce paving mixtures. 


2-4.2,1 Batch Plants 

In a conventional batch plant operation, virgin 
aggregate is dried and heated in a counterflow dryer, 
screened into various size fractions, proportioned with 
hot asphalt cement and thoroughly mixed. However, the 
only technique that has proven successful in recycling 
through a batch plant is the mixer heat-transfer method. 
In this method, virgin aggregate is superheated in the 
dryer and transferred to the tower by the hot elevator. 
The reclaimed asphaltic material, which has been 
previously reduced to an appropiate size and stockpiled 
at ambient temperature, is transferred to the weight 
hopper in the mixing tower by an auxiliary conveyor 
system. There it is proportioned with the superheated 
virgin aggregate. Heat transfer occurs as the two 
materials are mixed in the pug mill with additional 
asphalt cement and/or an asphalt softening agent (12). 

The recycling of asphalt concrete through a batch 
plant by the heat-transfer method, is generally limited 
to very near 50 percent reclaimed material. Figure 2.1 
shows a batch plant with reclaimed mix added to 


superheated aggregate at the pug mill. 


pees 19 on ace 


nigzi® ,@5:IByoqe Pass aaet s@hQt2S"909 oot 
Teyoe wolhsesabus ‘Wins te zeed gna ih oe oF 
adie Canoisiogos wenrigets 98 a! Belt ee 032i & 
“iz , Yevevo!.tasia hive ioe Ena 200e> sdatgta 
erilayoet co) lgizesssee apPh.> aap Soca enplretze? lee 
shirt dam, 18744804" 2420 <48a7 ny ; Sem | [rec cmrosds 
ond 4¢ Si¥eeStenus.2i elepaye eset) «farsa ide at. 
tefavels ton ane: Vd rewal sis Je e2ssteests THE wet 
icon hesiaioaw SOE 


beisqvools Gay dale w16i207G55 G9 > fasdss: glevstvgpg 


neee fee Usive <latseden:. 3) 126 
sdgtew sdx’as (Sovtaianni: >i brethee pee? Joules “Ye 
weyeteos yIBiilede Ce qx AS, G80 ia OAz @) GERCEE 
batesetens S415, 44s CRED il wee, ci J. *eed «CR 
a=? sn? ‘ SUS celeasre Ioah 22 spevers asprkw. 
ane: £1060 10U 6 Ve 206 Ga? as | > ‘ere letetam 
VEL TO Ra pe tPesios Fetes: i‘ <u — 4 90> “lenges. - 
63264 6 Age Shes ses) 1464596 1 ets) wis OF 
Seciai. piiesaiepie) Sc¢ivc “elersi9-*aer act ve nae 
11% @nyl@ -.faS554 os, Satis. at sobs ee’ BS {cant ed 
oF halite Gla Sevia(=5¢ Ciib; vedi alg)! as 

«lis Pug et7 46 e3epe;pen € 


oS 


REMOVED 
MATERIAL 


NEW AGGREGATE | 


Figure 2.1 Standard Batch Plant with Reclaimed Mix Added to 


Superheated Aggregate at the Pug Mill 
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2.4.2.2 Drum Mix Plants 

Drum Mix Plants differ from batch plants because 
the heating and drying of the aggregate, the asphalt 
addition and the mixing operation are all done inside 
the drum. 

In a conventional drum mix operation, virgin 
aggregate 1S proportioned at the cold feed; then it is 
dried, heated, and mixed with hot asphalt cement ina 
parallel-flow dryer. Since the aggregate enters at the 
burner end of the drum, it 1S immediately exposed to 
very high temperatures from the flame and hot gases 
(12). However, in the case of recycling, exposing the 
reclaimed asphaltic material to high temperatures at the 
burner end of the drum may cause oxidation, vaporization 
and partial combustion of the existing asphalt together 
with production of very heavy smoke emissions. A 
considerable amount of effort has been made to develop 
modifications for drum mixers which would produce 
Satisfactory mixes, maintain high production rates, and 
minimize air quality problems. The following sections 
briefly describe the plant modifications that have 
proven to be successful: 

Drum-Within-a-Drum-System. With this system a 
conventional drum mix is modified by moving the burner 
back from the end of the main drum and inserting a 
smaller drum. The burner discharges into the upstream 


end of the smaller drum which extends coaxially into the 
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main drum (12). The virgin aggregate enters the inner 
drum within the main drum and is heated directly by the 
burner flame. Reclaimed material is introduced into the 
outer drum; it 1s heated both by the transmission of 
heat from the hot walls of the inside drum and, more 
particularly, by close contact with the heated virgin 
aggregates in blending together downstream. The two 
materials are then combined with additional new asphalt 
cement and/or softening agent and the mixing continues 
throughout the remainder of the main drum. This system 
can use a maximum of 50 to 70 percent reclaimed 
material. Figure 2.2 shows a Drum-Within-a-Drum System. 
Safle ease System. In this system, the new 
aggregate is handled and processed in a normal 
manner,through the burner end of the drum mix plant. The 
reclaimed material, however, is fed into the plant 
through a separate cold feed system, with the point of 
entry of the material just beyond the mid-point of the 
length of the drum. The new aggregate, introduced into 
the radiation zone of the drum mix plant, is heated and 
dried. Figure 2.3 shows a Split Feed System. Depending 
on the relative proportions of new and reclaimed 
aggregate used in the recycled mixture, the new 
aggregate is superheated to a temperature between 150°C 
and 315°C by the time it reaches the mid-point of the 
drum. The combustion gases from the burner are cooled by 


the new aggregate to a 450°-530°C range by the time the 
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Figure 2.2 Drum-Within-A-Drum System 
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Figure 2.3 Split Feed System 
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gases reach the drum mid-point. A charging conveyor, 
completed with a weigh bridge system, feeds the 
reclaimed material into a rotary inlet and deposits it 
in the bottom of the drum, in a short area where no 
flights are located. Heat transfer begins to take place 
between the new aggregate and the reclaimed material. 
The new asphalt cement and/or softening agent is pumped 
into the drum and mixed with the combined aggregate at 
this point in the process. Heat transfer between the new 
and reclaimed aggregate continues by convection and 
conduction, as the blended material moves down the drum 
to the discharge end (14). This type of system can use a 
maximum of Berea ma tel y 60 to 70 percent reclaimed 
asphaltic material. 

Pyrocone System. This system controls the heat 
transfer rate at the burner end of the drum to prevent 
overheating the reclaimed asphaltic material. Heat rates 
are controlled by containing the complete combustion 
process and flame volume within the Pyrocone's 
cylindrical chamber where secondary air enters through 
slots in the chamber wall and mixes with combustion 
gases to produce a lower temperature air-rich mixture. 
Figures 2.4 and 2.5 show the Pyrocone and the Pyrocone 
System. The reclaimed asphaltic material and the virgin 
aggregate enter the drum by a single conveyor at the 
burner end. The material is gradually heated and 


blended, additional asphalt cement and/or softening 
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Figure 2.4 Pyrocone 


FLAME vi 


DIFFUSER 


ru <} 


VIRGIN RECLAIMED RECYCLED 
AGGREGATE MATERIAL MIX 


Figure 2.5 Pyrocone System 
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agents are added, and mixing is completed in the 


remainder of the drum. 


The reduced heating rates produced by this system 


are the result of the following interrelated factors 


Gives 


ihe 


The heat shield ("pyrocone") reduces direct heat 
Fediatvon) by blocking a major portion, of the 
line-of-sight path between the burner flame and the 
material to be heated. 

The turbulent air mixing action in the pyrocone 
develops a uniform gas temperature distribution over 
the drum cross section. The uniform gas temperature 
will transfer heat to the cold material slower and 
more evenly than an intense narrow-band temperature 
distribution. 

By mixing cool outside air with the hot combustion 
gases, the pyrocone lowers the temperature of gases 
im’ the front end of the drumefrom 1650°C to a range 
Omet25° to 815°C. This alse substancially lowers the 
heat transfer rate between the incoming gases and 
the cold, asphalt-coated aggregate. Figure 2.6 shows 
the temperature profile. This system does have the 
capability of using 100 percent reclaimed asphaltic 
material, but a more reasonable maximum to expect in 
order to control smoke emissions iS approximately 60 
to 70 percent. The pyrocone can be readily removed, 


if conventional mix is to be produced (12). 


et a 
- —— 77 - 
aris nl biseliaun> at pid nie nas. . 

7 jmua® =< oT is 


rn 
meseye colds ya hebySoig asset saigeed. Sneeo o6f 
gseeun? Botsleiiscn: SWiNOLLG3 Bite to 7luse9 oa? 
| eis 
‘ ¢ u=sgy sacya7 (“sn eh Mae a teed an? 
eas 10 nGst90"9 .1 m4 oh) aocia aplet 
~ eae = yes fet en eee ate, aml | 
Ce’ os 5s) 1eht3@J88". 
i! ; ; 10: ; oF _<er qe j fo 
+9 is is2 s rece : iw 
Str s jas.sep.21t6° voce : ole 
on) | d ’ ’ i. «= i’ 
esusesemes otad-6O3 7b a ae er = 


anelmee aon ott fete fic patesve lots petro ¢ 


Pee Ky striae : : BSS ( irticso2 ¢ ef im 
eonet & OF : Pos) fi : : : 
sae Dvevss Yile Anatte.? S41 = ae "fS® AE 
me Sera On inmestel ‘4e* bie ew a a: Sonat! see 

; - 


eowsils Fie g3700/% ie) - > @ ee ee eo = Oe 4 
, Se a eA? & i< ; - 
ae? quar! ee0@ (eceys G9" . L7G 4at) tevemmel @8F 


ae sts Lange Pater: SHegyeg) o): sale do, ysri eee 


20 


STTjOig aeinjeisdua, 9°Z ainbty 


sucoortéAg UTM TexTW wnid 


300S9)-004 I 


Si fSest estate eT @ 5 Sicpey 


Zu 


2.4.3 Laydown and Compaction 

Laydown and compaction of recycled mix can be 
accomplished using the same equipment and procedures used 
for conventional mix. Normally the mixes containing the 
reclaimed materials are handled in the same manner as 
conventional mixes, provided the laydown temperatures and 


viscosities have been comparable. 
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3. PROJECT SELECTION FOR RECYCLING 


3.1 General 

The success of any pavement design and construction 
process is first one of selection. The key factors that 
influence the decision in project selection for recycling 
include: 
iPmGExusting Facmiity, 
2. Pavement Condition, 
3. Cost and Energy Comparison, 
4, Environmental Consideration. 


These factors are discussed in the following sections. 


SeeceESiStingnkachs ety 

The existing facility can be described by a set of 
particular data for the purpose of rehabilitation decision 
making (2). These data are summarized as follows: 1) 
Location and size of project, 2) roadway class, 3) existing 
pavement cross section, 4) Geometrics, and 5) traffic 
characteristics. Each factor is briefly described below. 

HOCaurOneand cize Ole PECyect. snes) Ocati con and isize sor 
the project may be such that only certain techniques would 
be cost effective. For example, projects located in remote 
areas will have to be large in size to justify the 
Sines ecn of the equipment associated with central 
plants recyclings Ineplacesrecyclingis alcost eftective 


approach for pavement rehabilitation in remote areas where 
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small projects with low traffic volumes are under 
consideration (2). 

Roadway Class. Generally the roadway class dictates 
Criteria for determining the need for pavement 
rehabilitation as well as general criteria for selection of 
an appropriate recycling alternative (2). 

Existing Pavement Cross Section. The data of original 
construction together with a listing of the thickness and 
types of materials used will be important in judging the 
general serviceability of the pavement. Subsequent history 
of rehabilitation and maintenance activities will influence 
the determination of a viable recycling alternative (2). 

Geometrics. The geometric features of a roadway such as 
horizontal and vertical alignment, are often constraints to 
conventional rehabilitation techniques such as asphalt 
overlays. Recycling of existing pavement materials offers a 
solution to some of these problems (2). 

Traffic Characteristics. Speed ‘and@volumevot traiiic, 
to a large extent, determines the traffic control problems 


associated with pavement rehabilitation activities (2). 


3.3 Pavement Condition 

One of the first decisions necessary in selecting a 
proyect for possible recycling is the condition of*the 
pavement. The need for resurfacing, restoration and 
rehabilitation or reconstruction, 1s usually brought about 


by one or more of the following pavement deficiencies (3): 
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1. Pavement roughness, 

2. ExcesSive cracking, 

3. Excessive rutting in the wheel paths, 
4, Low skid number, 

Seg Suriace wearsor ravelling, 

6. Inadequate pavement Structure. 

A brief description of these pavement deficiencies and 
their influence on selecting a recycling alternative is 
given below. 

Pavement Roughness. The smoothness of ride may be a 
Geciding factor for rehabilitation of many roadways. 
Pavement roughness in most cases can be corrected by surface 
profiling, by cold milling, or heater planing, combined with 
resurfacing. 

ExcesSive Cracking. Excessive cracking can be corrected 
by several of the available recycling procedures. A 
Systematic procedure for identification of the extent and 
severity of cracking should be organized. Surface recycling 
can be appropriate for minor cracking, however in the case 
of extensive and severe cracking, in-place or central plant 
recycling should be considered. 

Excessive Rutting. This kind of pavement distress can 
generally be corrected by surface planing or milling in 
combination with a surface treatment or thin overlay. The 
thin overlay could be produced either from virgin mixes or a 
combination of reclaimed and virgin material. In some cases, 


surface recycling may not be sufficient to correct problems 
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in the base or subbase, in which case in-place or central 
plant recycling may be the proper option. 

Low Skid Number. Many pavements may perform adequately 
from a structural standpoint but simply be deficient in skid 
resistance because of excess asphalt cement or perhaps 
because of polishing aggregate (2). Deficiency in skid 
resistance can be corrected by surface planing or recycling 
with a minimum of new materials. In extreme cases central 
plant recycling with some percentage of virgin non-polishing 
aggregate may be required. 

Ravelling. Severe ravelling can be corrected with 
Surface recycling with or without the addition of new 
materials. 

Inadequate Pavement Structure. This can be corrected by 
increaSing the depth of stabilization by means of in-place 
or central plant recycling. If necessary, a new wearing 
surface can be added aS a precaution against accelerated 
Surface wear. 

In summary, a range of alternative recycling procedures 
can be used to correct any deficiency that can be corrected 


by the use of new materials. 


3.4 Cost and Energy Comparison 

Cost is the traditional criteria for selection between 
various design and rehabilitation alternatives. Another 
consideration which may or may not be reflected by 


comparative cost is energy. The cost and energy factors 
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involved in various recycling techniques should be compared 
with those involved in conventional procedures. Various 
recycling techniques can be used to save energy and reduce 
costs in rehabilitating pavements. For highway 
reconstruction and rehabilitation procedures, the more 
important energy considerations are the amounts of transport 
and construction energies used. These are likely to have the 
more Significant effect on costs. A number of recycling 
techniques offer means for conserving significant amount of 
energy and reducing costs over traditional ways of 
rehabilitation. The amount of energy saved and reduction in 


costs will depend on the conditions of each project. 


3.5 Environmental Consideration 

There are environmental considerations concerning the 
use of recycling procedures. They are specifically related 
to safety, noise and air pollution. Of these three, the only 
one that appears to be significant 1s air pollution and 
particularly opacity requirements. The current solution is 
to spray water on the cold feed materials, to increase the 
amount of virgin material or decrease plant production (3). 
Some modification in equipment could help to reduce the air 
pollution problem, however, the general solution is to 


reduce the amount of reclaimed material used in the mix. 
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4. QUALITY ASSURANCE OF RECYCLED ASPHALT CONCRETE 


4.1 General 

The quality of a recycled mixture depends on the 
Salvageable materials available and how these and new 
materials combined and processed to produce a recycled 
mixture. The handling and processing technique play an 
important part in controlling the level of quality in the 
Pinal product. merOpermcpeci ficationscontrolens mrequimedsin 
order to produce high quality paving mixtures. 

There are a series of steps which must be conducted to 
insure a satisfactory recycled asphalt concrete pavement. 
These steps include: assessment of the existing pavement, 
evaluation of the reclaimed asphalt concrete, preliminary 


design, final design and construction control. 


4.2 Assessment of the Existing Pavement 

An important part in the assessment of the existing 
pavement is to conduct a detailed condition survey, to 
determine the type of distress that has occurred and, also 
its severity, its extent, and the location. A number of 
factors must be considered in Planning Procedures for the 
existing pavement condition surveys, such as: 1) 
determination of homogeneous sections which refers to the 
selection of sections that are essentially alike, 2) type, 
density and severity of distress which involves visual 


observations of the physical condition of the roadway. 
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Generally the types of distress which may be 
encountered are(15): 

1. Surface defects: including ravelling, aggregate loss and 
Plusiving. 

2. Permanent deformation: including rutting, shoving and 
COrrugations: 

Soe erackingssincluding longitudinalecracking, “transverse 
eracking, salblagator cracking and others, 

Usually these types of distress are broadly associated 
with environment, traffic or materials. 

Identification of the nature and cause of distress 
which led to the need for rehabilitation is essential in 
designing any recycling project. 

It is important to identify whether distress is caused 
by either the mixture problems or structural inadequacy or 
both. Accordingly, specific considerations should be given 


in the design stage. 


4.3 Evaluation of Reclaimed Asphalt Concrete 

For the material obtained from the existing pavement, 
variations in layer thickness and type of asphalt concrete 
mixtures, according to data from prior sampling and original 
construction plans, must be established (16). From the 
results of the pavement condition surveys, performed 
previously, variations in the type, extent, and severity of 
pavement distress may provide indications where additional 


samples should be taken for evaluation of the existing 
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asphalt concrete pavement. 

For characterization of the existing pavement, a series 
of tests should be performed on the representative samples 
in order to determine the asphalt content, aggregate 
gradation and to recover asphalt cement for further testing. 
Analysis of the existing materials consists of extracting 
the asphalt binder from the mixture and recovering this 
asphalt from asphalt-solvent solution. After the asphalt and 
aggregate are recovered, they are subjected to a detailed 
testing program. 

.Extraction of reclaimed materials requires considerably 
more time to complete than does a conventional mix 
extraction. The present methods of extraction are the major 
impediment in good quality control of reclaimed asphalt 
Gencrete. 

Any experience with any of the popular extraction 
techniques will show that none of them are very fast and all 
are of questionable accuracy and reproducability, especially 
when using different operators and test methods (17). 
However, it is essential to perform extraction and evaluate 
the properties of the existing reclaimed materials, to 
determine aggregate and asphalt type that must be used to 
modify these materials to meet the specification 


requirements. 
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4.4 Preliminary Design 

The main objective of the preliminary design is to 
arrive at the proper selection of the virgin aggregate, 
virgin asphalt cement, and asphalt rejuvenator. 

AS an asphalt concrete pavement ages in service, 
Significant changes may take place in the properties of the 
constituent materials. Asphalt cement hardens and loses 
ductility which subsequently makes the pavement susceptible 
to cracking and ravelling. The aggregate also changes. 
Aggregate particles degrade under heavy traffic. Reclaiming 
operations also contribute to aggregate degradation. 

Depending upon the type of failure of the existing 
pavement, different approaches may be chosen to restore the 
materials to their original properties. 

If a brittle failure, for example cracking, has 
occurred, the design involves the selection of a recycling 
agent which will soften the existing asphalt and return it 
to the original characteristics (18). However, if a 
nonbrittle failure, for example excessive rutting, has 
occurred, a harder asphalt grade may be selected in order to 
upgrade the old asphalt cement and to eliminate the existing 
problems. 

Therefore, it is essential at this stage of design to 
select the proper type and amount of additives which can be 
used to recondition the asphalt cement and upgrade the 


aggregate to meet the specifications. 
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4.5 Final Design 

The primary objective of the final design is to produce 
a high quality asphalt concrete mixture with acceptable 
Stability, durability, and strength characteristics. 

In the final design, the mixture properties of the 
materials selected for the preliminary design are evaluated 
and an optimum mix design is selected for the project. This 
design, however, is vulnerable to change as the construction 
proceeds. 

A detailed procedure and discussion for this stage of 


design is given in the next chapter. 


4.6 Construction Quality Control 

Thesqualiatyscontrol sand testing duning construction for 
recycled asphalt concrete is very similar to that of 
conventional mixtures. However, some additional testing is 
required during the eonstruction. 

A major addition to the standard testing procedures is 
the control of the consistency of the asphalt cement in the 
final recycled asphalt concrete mixture. This includes 
recovery of the extracted asphalt and a measurement of the 
penetration and viscosity of the recovered asphalt. Recovery 
of the asphalt cement should be made at regular intervals 
during the production process to insure that the recycled 
asphalt concrete mixture is acceptable. 

Grading analysis of the reclaimed aggregate should be 


monitored daily along with the amount of extracted asphalt 
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from the reclaimed materials. 

Corrective actions should be taken immediately, if the 
variation of the test results exceed the tolerance limits 
given in the final design. 

With the exception of additional tests, the recycled 
asphalt concrete mixture should be produced and placed using 
the same techniques as that for conventional mixtures. 

Standard compaction requirements for conventional 
asphalt concrete paving must also be applied to the recycled 
mixtures, and no deviation from standard specifications 
should be allowed. 

More detailed discussion on the construction quality 


control and testing procedures iS given in Chapters 6 and 7. 
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5. RECYCLED ASPHALT CONCRETE MIXTURE DESIGN 


5.1 General 

The purpose of this chapter is to address necessary 
procedures required to produce an acceptable recycled 
asphalt concrete mixture. 

Procedures for the design of recycled pavements have 
not yet been standardized, however several agencies have 
published guides for the recycled mixture design (19-27). 
Alberta Transportation recycled pavement mixture design is 
presented in Chapters 6 and 7 for the two 1982 projects. 

In general the purpose of mixture design is to utilize 
the reclaimed pavements, new aggregate and modifier to 
produce quality recycled asphalt mixtures. Greater care may 
be required in recycled mixture design, since the basic 
materials used are reclaimed from a failed pavement and 
hence modification of these reclaimed materials is required. 

The procedures presented here for the development of a 
mix design for recycled asphalt concrete projects are what 


the author believes to be a preferred sequence of events. 


5.2 Recycling Modifier 

The reclaimed asphalt often has characteristics which 
are undesirable for reuse without any modification. A 
recycling modifier may be used to restore the reclaimed 
asphalt to the required specifications. The recycling 


modifier must be able to modify the properties of the 
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asphalt binder to the desired characteristics. 
Generally the purpose of a modifier in asphalt paving 
BecyoRingErsetomGlo)): 
lew REStOver thesnuecyeledvorrold asphaltacharacteristicsmto a 
consistency level appropriate for construction purposes 
and Rerethetend use: of the mixture, 

2. Restore the recycled asphalt to its optimum chemical 
characteristies) foradurability, 

3. Provide sufficient additional binder to coat any new 
aggregate that is added to the recycled mixture and, 

4. Provide sufficient additional binder to satisfy mixture 
design requirements. 

The type, source and consistency of the reclaimed 
asphalt has a profound effect on the selection of the 
recycling modifier. 

Recycling modifiers can contain different categories 
such as softening agents, rejuvenators, flux oils and soft 


asphalt cements. 


5.3 New Aggregate 

Depending upon the recycling ratio chosen, the 
percentage of the new aggregate in the recycled mixture can 
be specified. 

New aggregate may have to be added to the mixture for 
one or more of the following purposes (19): 
1. Satisfy gradation requirements, 


2. Skid resistance requirements for surface courses, 
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3. Air quality problems associated with hot central plant 
Eecvoliangy 

4, Thickness requirements, 

Se MpLOovedestabmlity, durability etlexibiia ty, mete.) and 

6. To allow the addition of sufficient modifier to restore 
the aged asphalt to specification requirements. 

In order to fulfill the above purposes and, in 
particular to meet the air quality regulations, use of a 
minimum percent of new aggregate is necessary. This minimum 
value may change with the use of different kinds of asphalt 
plants. Generally the specified minimum is larger for batch 
plants when compared to drum mixers. This requirement may 
gradually decrease as a result of improvement in equipment 
and recycling operation. 

Depending upon the gradation of the reclaimed 
aggregate, the new aggregate gradation can be specified. The 
blend of the new and reclaimed aggregate should meet the 


Specification requirements for gradation of total aggregate. 


5.4 Mix Design Laboratory Procedures 
The steps necessary for the design of recycled asphalt 
mixtures are outlined as follows: 
1. Evaluation of the reclaimed material, 
2. Determination of the amount and gradation of the new 
Sereecscey 
3. Selection of the type and grade of the recycling 


modifier, 
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4. Proportioning and testing trial mixes and 
5. Establishing the job mix formula. 

The above procedures should be carried out carefully in 
order to obtain quality recycled asphalt concrete mixture. 


Description of each step is presented below. 


5.4.1 Evaluation of the Reclaimed Material 

Extraction and recovery of the asphalt and aggregate 
from the reclaimed pavement and determination of their 
amounts should be first carried out in order to evaluate the 
reclaimed pavement. 

Retlux method. (ASTMeD! 2172-81-78) aseused £or 
quantitative extraction of asphalt. The extracted asphalt is 
recovered from solution by the Abson method (ASTM D 1856). 
To measure the consistency of the recovered asphalt the 
following tests should be conducted: 
jee ePenetratlioneatecs* Ca (ASTMED 5), 

DeeUAbGOLiUtesvIScosity at 60°C (ASTM D 2171), sand 
SeeeRinematrerviscosity at 125°C CASTIMsD 2170): 

Asphalt content, penetration and viscosity should be 
determined on all samples, Since it gives a measure of 
DECJCCEMUNILOrmiuy wcUlrticienteasphale shouliduber recovered 
in order to be blended with recycling modifier for further 
testing. 

The recovered aggregate from the reclaimed pavement 
should be tested for gradation. The gradation is determined 
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aggregate soundness (ASTM C-88), number of crushed faces, 
and aggregate toughness (Los Angeles Abrasion Test, ASTM 


Cal 3A% 


5.4.2 Amount and Gradation of the New Aggregate 

The percentage of the new aggregate in the recycled 
mixture 1S governed by the choice of the recycling ratio. 
However, evaluation of the reclaimed material described in 
the previous section should be used as a feedback for 
Selection of the mentioned recycling ratio. 

The new aggregate should be combined with the reclaimed 
aggregatestowobtain asfinaltqradation Ehatawill comply with 
standard gradation requirements. Any deficiency in the 
gradation of the reclaimed aggregate can be adjusted with 
the addition of new aggregate of the proper size and 
gradation. Also, any stability deficiency in the reclaimed 
pavement material can be corrected with the addition of 


PRrOperenewraggqregare. 


5.4.3 Selection of Type and Grade of Recycling Modifier 

The grade of the recycling modifier and the target 
consistency of the asphalt in the recycled mixture is 
selected at this stage of the mix design. 

The recovered asphalt is blended with selected types of 
recycling modifier at various ratios. These blends are 
tested for: 
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2, > Viscosityrat 60CC wand 
Stee renetrarronr ate oe Ceands viscosity atl60°C, onethe residue 
after the Thin Film Oven Test. 

The relationship between penetration or viscosity of 
the treated asphalt and the percentage of the recycling 
modifier are plotted on arithmetic scales for selected typed 
ofsmodifwersteTypicaleplots, are shown in Figures’ 7.2 and’ 7.3 
of Chapter 7. The type of modifier to give the desired 
consistency in the recycled asphalt cement is then 


determined. 


5.4.4 Proportioning and Testing Trial Mixes 

Specimens of mixtures containing reclaimed pavement, 
new aggregate and recycling modifier should be prepared. 
Trial mix designs following the Marshall method are 
performed for various percentage of binder contents. 
Specimens are subjected to stability testing and air voids 
determination. Extraction and recovery tests should be 
carried out on the selected test Specimens. The properties 
of the extracted and recovered binder from the laboratory 
prepared and recycled mixtures are an indication of the 
compatability and durability of the recycling modifier. 

The resilient modulus appears to be the best single 
test to identify the effect of the modifier on the mixture. 
This test is sensitive to the properties of the binder and 
will help to define the amount of modifier required to 


produce a binder of known consistency (19). 
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Selection of the optimum mix design should be based on 
Stability requirements and air voids criteria. Resilient 
modulus also should be considered. The optimum mix design 
establishes the percentage of each of the various materials 
to be used in’ the mixture to insure that the combined 
aggregate properties, asphalt properties, and mixture 


properties are satisfactory. 


5.4.5 Establishing the Job Mix Formula 

An optimum mixture design meeting the specified 
requirements, aS a result of the previous step, is selected. 

A job mix formula is then prepared giving the design 
weight percent of the reclaimed material, new aggregate and 
recycling modifier. New and combined aggregate gradation, 
design binder content and mixture properties are then 
recommended. 

Laboratory mixture design is the starting point for the 
field mixture and is subjected to change according to field 
conditions and workability requirements. The field mix 
design may be no more than a verification of the laboratory 
mix design, but it is necessary to determine that the 
mixture produced at the plant is satisfactory prior to full 
Scale production. 

The recycled mixture should be carefully designed to 
ensure that laboratory heating, mixing and compaction 


conditions correspond as closely as possible to the field. 
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6. CONSTRUCTION OF RECYCLING PROJECT NO. 1 


6.1 General 

Thiseprojece on Highway 2226)and 22928 -Ffromawest of 
Lacombe to west of Millet, was the first contract awarded 
for hot mix asphalt concrete recycling on the Provincial 
highway system in Alberta and was designed and constructed 
during the summer and fall of 1982 (28-30). 

The recycling section was on the outer northbound lane 
Ofb@Highwayaez trom kme42,0008tockmi452223 of¥econtroel section 
2>26 ,andetrom kmi0s000ete km 147970 sof =control section 2728. 
The total length of recycling was 18.193 lane-kilometers. 

This highway carries heavy commercial traffic, and also 
recreational traffic throughout the year. In 1981, this 
section of the highway was determined to be carrying an 
Average Annual Daily Traffic (AADT) of 11 000 with 20 
percent trucks. 

Lahrman Construction Ltd. of Calgary was the prime 
contractor for the recycled asphalt concrete paving 
operation. Major equipment used was a 400 tonne/hour Boeing 
Drum Mix Plant equipped with a Pyrocone, a Barber Greene 
SB-131 Paver, two Dynapac dual drum vibratory rollers and a 
pheumaticrtire roller, 

Budd Bros. Ltd. of Calgary was the subcontractor who 
performed the cold milling operation. They employed a PR-575 
Roto Mill with a 1.83 m (6 ft) mandrel, and PR-450 Roto Mill 


with a 2.74 m (9 ft) mandrel. Both of these cold milling 
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machines were manufactured by CMI Corporation. 


6.2 The Existing Pavement 

Highway 2 is a four-lane divided highway. The 
Gross-section generally consisted of 7.32 m wide Asphalt 
Concrete Pavement (ACP) with 2.95 m of outside and 1.63 m 
inside ACP shoulder, shown in Figure 6.1. Cold milling and 
recycling is confined to the outer northbound lane. This 
section of highway was constructed in the period of 
1964-1966 and has the following existing pavement structure: 

100 mm of 16 000 um topsize ACP (1965-1966) 
50 mm of 20 000 um topsize asphalt stabilized base 
course (1964-1965) 
50 mm of 20 000 um topsize granular base course 
(1964-1965) 
250 mm of 40 000 wm topsize granular base course 
(1964-1965) 

The original asphalt cement used was of a 200-300 
penetration grade and could be described as a low viscosity 
or highly temperature susceptible asphalt. Table 6.1 shows 
the aggregate source, asphalt supplier and asphalt grade for 
this section of highway. Tables 6.2 and 6.3 show the mix 
design done in 1965-1966 for Ponoka #2 and #3 pit sources. 

The sieve sizes shown are the metric equivalents to the 
U.S. standard size designations used previously. The 
Marshall Test values have been converted to SI units to 


CONEOrmM with current practice. 
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TABLE 6.1 


Aggregate Source,Asphalt Grade and Asphalt Supplier 
Progect: 2226,. 2228 


Aggregate 
Source 
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Detailed information on the design and construction of 
the section 2:28 using Ponoka #3 aggregate has been reported 
as part of an earlier extensive study directed towards 
determining the variability of the asphalts as used and 
their subsequent behaviour in service (31). 

The termination of the low viscosity asphalt supplier 
was at km 14.72 with the end of the recycling section at km 
14.920. Field condition surveys showed that severe rutting 
was confined within the limits selected for cold milling. 

The condition of the existing pavement may be 
summarized as follows: 

Benkelman Beam spring rebound (x + 20): 1.12 mm 

(0.044 in) (1981). 

Hobe = 5¢ Sie hs 4 goons 

Surface condition: major bleeding, severe transverse 
low temperature cracking 
averaging 7.3 m Spacing and 
severe rutting in the outside 
lane averaging 20-25 mm and up to 
45 mm. 

The rut depths were measured with 1.8 m (6 ft) straight 
edge. Cores taken across the outer lane at three stations 
indicated that rutting was due primarily to a reduction in 
thickness of the ACP surface course and asphalt stabilized 


base course. 
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6.3 New Pavement Design 

The existing pavement on the outside travelled lane was 
to be cold-milled to a depth of 40 mm and a width of 3.66 m 
and be replaced with recycled mix. The reason for that was 
severe rutting distortion in the outside lane. The 
cold-milled area was to be shifted approximately 0.3 m off 
center line to the outside shoulder, in order to remove the 
pushed-up pavement existed along the painted shoulder line. 

The inside travelled lane required only minor 
levelling. The entire roadway width was then to be overlaid 
with one 50 mm lift of virgin mix. Reference may again be 


made to Figure 6.1. 


6.4 Project Mix Design Procedure 
Mix design procedure followed these steps as shown in 
Frqure 6.2. 
1. The first step was to evaluate the properties of the 
Reclaimed Asphalt Pavement (RAP), thus 10 pairs of 
150 mm diameter cores were sampled within the job 
limits. 
2.) Using one core from each palm, thes tolVowing jrests were 
performed: 
-quantitative extraction of asphalt by reflux method 
(ACTING D 217 220, Method, By 
-recovery of asphalt by the Abson method 
(ASTMe De 1856-79), 
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Figure 6.2 Mixture Design Procedure, Project 2:26,2:28 
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and 135°C of the recovered asphalt, and 
-aggregate gradation. 
The test results are shown in Table 6.4. It should be 
noted that the recovered asphalt has a penetration at 
Zo ,Ceot iy /6G-dnmeand absolute viscosity at 60°C of 31 ‘Pa.s. 
It was considered that a softening agent was not needed 
and a harder grade of virgin asphalt cement was required 
in order to achieve a binder more resistant to rutting 
than the original. 
The recovered asphalt was batched together and blended 
dbavarious) reclaimed asphalt feo virgineaspnalt ratios” 
(r/v) with two different virgin asphalt grades: one 
Similar to the original asphalt grade, 200-300 A, and 
the other one grade "harder", that is, 150-200 A. These 
blends were tested for: 
= penetration at 25°C, 
mViScOSItEY at 60°C, and 
= penetration at 25°C and’ viscosity at. 60°C 
on the residue after the Thin Film Oven Test. 
The penetration and viscosities for various r/v ratios 
were plotted on arithmetic scales and the relationships 
were approximately linear. Therefore, if the 
characteristics of some other virgin asphalt were 
assumed, estimates of the penetrations and viscosities 
of the blends at various ratios could be made without 
Carrying Out physical testing. Figure 6.3 shows the 


relationship between viscosity at 60°C and r/v ratios 
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for various asphalt grades. Figure 6.4 shows the 
characteristics of various blends using reclaimed 
asphalt from the project and four different virgin 
asphalt grades. It should be noted that the values shown 
using virgin grades 100-120 A and 120-150 A are only 
estimates. 

4. Trial mix designs following the Marshall method were 
Carried out at various "reclaimed to virgin material" 
GR/Vi) serail OS sO 100/00, F225 2850/7 50seande0/100.The 
virgin asphalt grade of 150-200 A was used for all trial 
mix design. The characteristics of the mix at the design 
asphalt content for the various trial mix designs are 
Summarized in Table 6.5. 

As a result of the testing and evaluation, the recycle 

mix was designed for an R/V ratio of 75/25 at a total binder 

content of 5.2 percent by weight of dry aggregate. For this 

R/V ratio a virgin asphalt content of 0.7 percent was 

required. The virgin asphalt grade selected was a 120-150 A 

which was felt would result in the equivalent of a 150-200 B 

grade asphalt in the recycled mix. As seen in Figure 6.4, 

this addition is expected to decrease the penetration at 

25°C and increase the viscosity at 60°C, with an improvement 
in temperature susceptibility. 

Since the mix properties for the 15/25 and 50/50 ratios 
were very similar the higher ratio was selected primarily 
due to the obvious savings in virgin asphalt cement and 


aggregate. 
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Summarized results and design curves for an R/V ratio 


of 75/25 are presented in Table 6.6 and Figure 6.5. 


6.5 Construction 


6.5.1 Recycling Methods 

The recycling operation involved the reclaiming of the 
existing pavement to a partial depth of 40 mm and width of 
3.66 m by cold milling, hauling the reclaimed asphalt 
pavement to the stockpile site, recycling the combined 
reclaimed and virgin material through a drum mix asphalt 
plant and placing the recycled mix to a depth of 40 mm as 
recycled asphalt concrete. This was then covered with a 


50 mm lift of conventional ACP as a surface course. 


6.5.2 Reclaiming Operations 

Reclaiming involved cold-milling the existing pavement 
to a depth of 40 mm and width of 3.66 m (12°ft). The 
contractor used two CMI cold millers, one PR-450 Roto-Mill 
which had a (1.638 m (6 £6) mandrel, sand) the -ouher ca (CMI 
Autograde PR-575 Roto-Mill which had a 2.74 m (9 ft) wide 
Mancrela sSinceson ly a width Of 3.66 1m) Of ‘che vexisting 
pavement was to be cold-milled, each machine milled only 
i,6Gm wide Strips. The two Machines were Operatedsata 
close spacing in the order of 50 m apart. 

The milled materials were loaded directly via a 


conveyor belt into trucks for transportation to the plant 
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Figure 6.5 Marshall Mix Design Summary, R/V = 75/25, Project 2-26 6 28 
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Site for stockpiling. Some fine cuttings were deposited 
behind the Roto-Mill on the milled surface. These fine 
cuttings were accumulated by the sweeper and dumped in front 
Gimthe cold mubler. “This procedure contributed tormthe 
increase in fines content of the reclaimed material. Water 
was sprayed constantly in order to keep down the dust and to 
Goodttthe cutting seeeth: 

An average of approximately 1200 tonnes of asphalt 
concrete pavement was reclaimed in a 10-hour working day. 
Each machine was operating at a speed of approximately 
7 m/minute. This totalled about 3 km/day, taking the down 
time required for changing of the cutting teeth and other 
delays into account. An average of about 60 tonnes/hour of 
asphalt concrete pavement was reclaimed by each machine. 

Cold milling started on September 16, and for the first 
two days confined to bridge decks and under bridges. Full 
Scalermillang was from Septembere20, to 27th, 1982, asperiod 
of 6 working days. During the reclaiming operation the 
weather was generally warm and sunny with mid-day air 
temperatures in the range of 11 to 22°C. In the morning, 
when the pavement was cooler, reclaiming of the cold 
pavement was slower than later in the day and the rate of 
tooth wear was increased. There was an observable 
improvement in the reclaiming operation during the warmer 


parts of the day. 


_ cola 1 1 7 a 
heviaogel stot 2nniseus 6 i — sonst 7 b 30d 
io ee 
'y Gaed? castbave balls ade? aD ripe “as Ooninse 


f.\ "4 begaiveasne 9969 pri Saud 


fqart ni BIG *tNs “sieve oF 
f* 7 rat “>?G ai 
9 n } aii8 ~ 
or Ve 
* # h A 
Wi ig 
f e 


Ges! wifi niin + 


a 99? we, ' 
. 


= ae 
a ' * oe SEG roe i | “ant eyates 
i vit .) oe ~~ =e 7 &§ eu g j 1) 4eo ainitq 

a 

.e OTe? 

ms 
pis e.ceh (Glded em ber sdies Reb aes 
(7: 1oag 4 in bi cidftim slase — 
ani oi pniinew 1 te 
79 alts 3 
£1 5 i¢ 28790989 cae 
4 14 {6st a i a) ert: nedv 
pos) 2] Arr 70 vane Coe : are’v, 
ns a a POV 9297™ YOpaasisal ai 7668 
4m DALSE? WELLE had ella iil’ i 


‘ast _ im an 


a 
_ 
_ 


59 


6.5.3 Plant Operation 

The hot plant and the stockpile for the reclaimed 
material were located near the Mix Crushed Stockpile Site in 
the SW 27-42-26-3. The aggregate from the Mixed Crushed 
Stockpile was used as the virgin aggregate for this project. 
A granular base was constructed for the reclaimed asphalt 
concrete stockpile. This stockpile was kept to a maximum 
height of 3 m to avoid consolidation during warm weather and 
segregation. A conveyor belt was not used for stockpiling, 
however, this did not appear to cause a problem. 

The contractor employed a 400 tonne/hour Boeing Drum 
Mix Plant equipped with a specially designed Pyrocone to 
protect the reclaimed asphalt concrete from direct contact 
with the burner flame. 

The reclaimed asphalt concrete and the virgin aggregate 
were removed from the stockpile with a front end loader and 
placed into separate cold storage bins. From the bins both 
the RAP and virgin aggregate were fed into the front of the 
drum by a conveyor belt, after passing through a grizzly 
Screen to remove oversize particles. The drum was inclined 
at a slope of 3.0 degrees to the horizontal. The 
proportioning of the reclaimed asphalt concrete and the 
virgin aggregate was done by conveyor belt scales. The new 
asphalt was added near the mid-point of the drum. The final 
recycled mix was then discharged into the hot elevator at 
the rear of the drum and transported up into a storage silo. 


The temperature of the final mix was displayed in the 


i Seo 
T talosdie-oh scold 


advasia ef igusedt dudaut>: ait lg mater opened on 
rasta usih @43\ was) aJdpasapnoatt Enh Sete 

eee 071.9942" Jad: SALA IAPS be ivan és, VERY noe « 
(ample 'Poeltieet ee2 1 ‘hadeatzenes gee siete. 

54 ten, Vel siftplaede alee , »Liepdaage 
a (eb. [eahiex, biavs os af De 


ai aor 1. 


heel! ty Sie So ah <pyeenca Are 


(pal Lie wMvse 
ne lggay @ sake ve dae’ son bh eds ypeveter, 
7 Cine iit overty? CYS seclere ise inom SSR 
iepandlesds vbinisanele aay sapien. sees 
ri. @oSs a4ivasfas, 2661GRme Ucties« ame “g3 ipeseng 
4 ieee! | .46asis eis ddie ; 
“{ ‘Latge® Los aiass ORF 


{coy sStsordaenanty yeah Gareney tiem i 
i) a na 4 Enis ese 3.69 = 151608 opni besela 
’ 

+) 608 GARpsds & 
nas d ivesi0> 8 ge =e 

ey ee | ealésevs auentetuee aawrse 
al’, . fasnes i 3¢ 1% vs Bowes ¥ v eguie sae, 
; RAG 494456 Leaue pwrigieaey ur ; scale 

Ji; SA‘ sulese.@lae Swrevrus 9C Qhet Paw, o2 speaeee abpth 


igdat? @¢7 ,@oat sm inive-cia etfs 1447 Rebbe fag 


* A) ! 


54 DID "e. md 944 Greibeengetosls fais Wan Cre 
Sob ia Sececoes 4d 7!) Nu-Delte20ks3 Gae Geb ay te 


i°3 al Bevgigaih wav «tn faded wd 46 


a 


60 


control room: 

A slight amount of water, approximately 1.8 percent by 
weight was added to the cold feed at its point of entry into 
the drum mixer, to help control stack emissions. However, 
the amounts of dust and blue smoke produced were 
considerably higher than with conventional asphalt concrete 
mix s 

Actual measurements of the stack emissions for 
particulate and opacity requirements were not taken, however 
the comparative appearances of the exhaust discharges for 
the recycled and conventional mixes were distinct. 

The plant waS operated at a production rate of 
approximately 210 tonne/hour. It was noticed that as the 
production rate increased to about 280 tonne/hour, the 
amount of dust and blue smoke increased considerably. 

The average recycled mix temperature was about 140°C, 
however, slight fluctuations in the mix temperature were 


noticeable. 


6.5.4 Paving 

Paving of the recycled asphalt concrete mixture 
commenced on September 20th and was completed on September 
Z TEM eS Sioea DenTOdeorestxaworkingsdayso. «lhemnecycled 
asphalt concrete was about 7 000 tonnes in total, for an 
average of 1 170 tonnes per day. 

Rac Decial provision in che contract required sthatwatter 


removal of the existing asphalt concrete pavement and 
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cleaning of all dirt and debris from the cold milled 
surface, a tack coat was to be applied. The recycled asphalt 
concrete wwas toube placedwafterva curing pervodrof notrless 
than one hour. 

Initially a tack coat of diluted SS-1 emulsified 
asphalt was applied, however after the first day it was 
decided to omit the tack coat application for the remainder 
of the project. Delays to the paving operation and the 
milled surface being deemed sufficiently rough were some of 
the factors considered by District personnel in reaching 
thisedecision: 

The contractor used a Barber Green SB-131 Paver for 
laying the mix, and two Dynapac dual drum vibratory steel 
BOlbenSs tCC42A and CC50A for compaction. 

Visually, the recycled mix placed on the road appeared 
Satisfactory. It seemed to be well coated and to contain the 
proper amount of asphalt cement. Not much difference between 
the conventional and the recycled mix could be detected. 
Also the recycled mix was similar in handling to the virgin 
mixes when placed through the paver. The recycled mix was 
observed to be very stable under rolling, with no slippage 
evident. 

In some instances oversize stone particles, larger than 
16 000 um were dragged along by the paver screen and had to 
be manually removed and mix replaced prior to breakdown 


rolling. 
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It was observed that the recycled asphalt concrete mix 
cooled faster than virgin mixes. This could be due in part 
to the use of the Pyrocone, which prevented direct contact 
of the burner flame with the virgin aggregate and reclaimed 
asphalt concrete. 

In view of the apparent Success with the R/V ratio of 
75/25, it was decided to try a short section of 85/15. On 
September 23, a section of the northbound travelling lane 
between station 7+660 and Station 7+860 was paved with this 
ratio (Unit 24R). No virgin asphalt was added, since the 
asphalt content at this ratio was in the same order of the 
optimum asphalt content required. 

This trial was not satisfactory due to the following 
reasons: 

1. Blue smoke increased significantly, which was not 
desirable, 
2. The mix appeared to lack cohesion under rolling, 


Cracks appeared on the mat after the roller had passed, 


Le) 


and 
4, The pavement started ravelling almost immediately. 

On September 27, recycle mix with R/V = 75/25 was used 
for the top lift on a short test section on southbound 
passing lane between station 8+440 and station 8+920 (Unit 
34R). The virgin asphalt cement added was 1.0 percent, 
bringing the total asphalt content to 5.5 percent. Despite 
this being slightly over the design value the recycled mix 


appeared to contain the proper asphalt content. No 
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difference in appearance between the conventional mix and 
the recycled mix was observed. The mix was very stable under 
rolling. This section will be evaluated by periodic 
observations of surface condition. 

Ravelling of the tapered joint at the start of this 
section was observed shortly after construction. This 
condition did not develop throughout the section and hence 
it can be attributed to faulty methods in constructing the 


Oanite 


6.6 Test Procedures 
The testing operation for the recycling project was 
performed by two separate laboratory services, the field 
laboratories located at the plant site and the Central 
Laboratory of Alberta Transportation located at Edmonton. 
The field laboratories were used for process control 
ana consisted Of two mobile units, one from the District and 
the other was the special projects lab from the Central 
Laboratory Testing Services. The two mobile labs worked in 
conjunction and performed the following control tests and 
inspection: 
(a) Virgin Aggregate: 
- sieve analysis, 
= moisture content. 
(b) Reclaimed Asphalt Pavement: 


- Determination of asphalt content by nuclear 
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7 oRetluxsextraction: 
- asphalt content 
- sieve analysis, 
- Moisture content. 
(c) Recycled Mix: 
- Air voids and density of field laboratory 
compacted specimen. 
wecenvUrrugerextracc1on: 
- asphalt content 
- sieve analysis, 
URE LwUxTexCracwions 
- asphalt content 
- sleve analysis, 
=sMOPSture content. 
(d) Plant Checks: 
- Asphalt content based on bulk quantities, 
=“Production nates 
- Recycled mix discharge temperatures. 
(e) Road Inspection: 
- Placing and compaction temperatures, 
=" Compaction equipment and rolling patterns: 
(f£) Compaction and air voids based on cored 
samples. 
The Alberta Transportation Laboratory at Edmonton, 
performed the following tests on samples submitted from each 
Production unit: 


1. Recovery of asphalt by the Abson method from solutions 
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extracted from the RAP and recycled asphalt concrete, 
2. Penetration and viscosity tests on the recovered 
asphalt, and 


3. Sieve analysis on the recovered aggregate. 


6.7 Test Results 


6.7.1 Field Laboratory Results 

The results given in this section are based on the 
field laboratory tests obtained during construction. Tables 
6.7 to 6.13 Summarize these test results. 

Table 6.7 shows the temperature observed at various 
Stages of construction. The average drop in temperature 
between discharge and placing, observed just behind the 
paver, was 14°C with a standard deviation of 7.2°C. 

Table 6.8 gives a summary of the compaction data for 
the recycled asphalt concrete. The average compaction 
achieved on this project was 95.0 percent with a standard 
deviation of 1.8 percent. Figure 6.6 shows a histogram and 
frequency distribution of these compaction data. According 
to contract specifications the asphaltic mixture should have 
been compacted to an average density of at least 97.0 
percent and a minimum density of 95 percent at all 
locations. The achieved average compaction is about 2.0 
percent lower than the specificed compaction. 

In order to determine whether the low density could be 


a result of factors relating to the recycling operation 
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TABLE 6.7 


Temperature Variations for Recycle Asphalt Concrete Pavement, 
Projece 2: 2072-20 


tment 
Discharge mix Placing Breakdown Air 
@ plant 
LO 110 is 


103 105 16 


21-09-82 


23-09-82 


27-09-82 


* Test Section, N.B. Travelling lane with R/ V= 85 / 15 


** Test Section, S.B. Passing lane, "Top Lift" 
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20-09-82 


21-09-82 


22-09-82 


23-09-82 


Formed Specimen (Marshal) 


12R 2328 6.0 
HR 2364 346 
14R 2365 4.1 
15R 2363 4.7 
16R 2374 316 
17R 2369 39) 
18R 2375 3}5 8} 
20R 2367 4.0 
21R 2388 Sel: 
22R 235)/ 3.6 
24R* 2385 39 
25R 2399 29) 


TABLE 6.8 
Compaction Summary- Project 2:26,2:28 


Field Densities ~ Cores 
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TABLE 6.8 
Compaction Summary - continued 


Formed Specimen (Marshall) Field Densities Cores 


ee Voids % ae m° 
2246 8.6 94.6 
GFZ 94.9 
7.4 GIs! 
8.9 M55 
yal 557 
8.3 96m 
27-09-82 oR 96.0 
ae, 
ar) 
all 
aS 
eal 
oo} 
=O 


* Test Section, N.B. Travelling lane with R/v = 85 / ]5 


** Test Section, S.B. Passing lane, Top Lift 
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only, an analysis of compaction data for the conventional 
asphalt concrete surface course placed on the same project 
was made. Figure 6.7 presents these results in the same form 
of histogram and frequency distribution. The average 
compaction achieved on the ACP surface course was 95.0 
percent also, with a standard deviation of 1.2 percent, 
Slightly lower than for the recycled pavement. Comparison of 
the two histograms shows that the compaction of the recycled 
mix is not normally distributed, with a larger number of 
observations in the density range below 94.0 percent. 
Although the average densities are the same, the variability 
in compaction of the recycled mix 1S more than that of the 
conventional ACP. One of the main reasons for this could be 
more rapid cooling and fluctuations in the temperature of 
the recycled mix. Additional compactive effort in response 
£0 quality control testing on the project could have 
improved the overall results. | 

Table 6.9 summarizes the asphalt content determinations 
for the reclaimed asphalt concrete and recycled mix for each 
production unit. Previous control laboratory extractions on 
core samples had indicated an asphalt content of 6.0 
percent. Due to time limitations only four extractions based 
on the reclaimed material were performed in the field. 

Based on the value of 6.0 percent and a R/V ratio of 
15/25, the plant controls were set for the addition of 077 
percent new asphalt cement. Exceptions to this were for unit 


34R and 24R. Unit 34R was a section of top lift which was to 
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ber Left exposed toutratfic. Slightly increased binder 
content was considered desirable so 1.0 percent asphalt 
cement was added. Unit 24R was a short trial section in 
Whichwan R/V Ob V85/ 15 was Used. At this high ratio, it was 
decided not to use any additional asphalt cement. 

The asphalt content of the recycled mix, based on the 
corrected centrifuge results, averaged 5.0 percent with a 
standard deviation of 0.2 percent. The nuclear results were 
very Similar and averaged 4.9 percent, with the same 
standard deviation. Air voids were calculated using the 
nuclear results. 

The average asphalt content of the recycled mix was 0.2 
percent less than the design asphalt content, despite the 
addition of 0.7 percent new asphalt cement as recommended. 
This is probably due to a slightly lower asphalt content in 
the RAP. Limited data presented in Table 6.9 tends to 
confirm this suggestion. 

Tables 6.10 to 6.12 present gradations of virgin 
aggregate, RAP and recycled mixes respectively. 

Table 6.13 gives a comparison of gradation results for 
cores and cold-milled reclaimed asphalt concrete. It can be 
seen that there has been a significant increase in the 
amounts passing each sieve size due to the cold milling 
operation. The amount passing 5 000 wm size increased by i2 
percent, the 315 um size by 6 percent and passing the 80 um 


by 1.3 percent, based on average results. 
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TABLE G3 


Comparison of the Average Gradation Results of Reclaimed 
Aggregate from CORES and COLD-MILLED Material 
Project: 232012220 


Percent Passing 


Sieve Size 
Reclaimed Reclaimed 


Aggregate Aggregate 
(CORES) (COLD-MILLED) 
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It is desirable that the laboratory mix design should 
be based on gradations representative of the cold-milled 
pavement. If at all possible, future recycling projects 
should have mix designs based on actual cold milled 
materials. 

Table 6.14 shows the production data for the recycling 
portion of the project. Approximately 7 350 tonnes of RAP 
and 7 000 tonnes of recycled mix were produced. Almost 19 km 


of recycled asphalt pavement were constructed. 


6.7.2 Central Laboratory Tests 

The following tables present the test results obtained 
at the Central Laboratory of Alberta Transportation Testing 
Services in Edmonton. 

Tables 6.15 to 6.17 show the recovered asphalt 
properties for the reclaimed, recycled and virgin asphalt 
concrete for the project. The tests performed on the 
recovered asphalt cement included absolute viscosity at 
GU°C, kinematic: Viscosity at 165°C and penetration at 25°C. 

The average values have been recalculated after 
excluding some obviously invalid data reported by the 
Central Laboratory. It appears that there may have been 
incomplete removal of the extraction solvent for the results 
reported as “too soft” or ~hose having very low viscosity or 
high penetration. ASTM D1856-79 recommends that for each new 
supply of solvent a blank should be run on an asphalt of 


known properties. This could provide a useful check on the 
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TABLE 6.15 


Recovered Asphalt from Reclaimed Asphalt Concrete 
Project 2:26, 2:28 


Tests on Recovered Asphalt 


Absolute Penetration 
Viscosity Die SCC 
At 60°C 


D9 
6.0 
52.8 
6.4 
See) 
Gs5 
5.0 
5.0 
See 
om 


Average 
S<D). 
No. 


* Data excluded from average 
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TABLE 6.16 


Recovered Asphalt from Recycled Asnhalt Concrete 
Project 2°26, 2:28 


Tests on Recovered Asphalt 


Absolute Kinematic Penetration 
Viscosity Viscosity at 25°C 
at 60°C Ate 3508 

Pa.s mm? /s 


Average 
oir Os 
No. 


* Data excluded fran average 
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TABLE 6.17 


Recovered Asphalt from Virgin Asphalt Concrete 
Praject 26, 2-20 


Tests on Recovered Asphalt 


Kinematic Penetration 
Viscosity ate or 
at 135°C 

mmn*/s 


Average 
reyes Bln 
No. 


* Data excluded from average 
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reliability of the procedures used for the recovery of the 
asphalt by the Abson method on future samples tested. 
Despite the exclusion of data from several of the production 
units, the remaining data can be considered as giving a 
reasonable indication of the properties of the recovered 
asphalt from the various mixes. 

Tests on the recovered asphalt from the reclaimed 
asphalt concrete essentially confirm the previously obtained 
information on cores presented in Table 6.4. The average 
ViScOSiEy.On the cores ateo0c hand 7135°Corseslightly higher 
and the penetration at 25°C is the same within the precision 
limits of the test. As presented in Table 6.16, the 
recovered asphalt cement from the recycled asphalt concrete 
has a slightly higher viscosity at 60°C than that predicted 
from Figures 6.3 and 6.4. With the exclusion of some outlier 
data points, the recovered asphalt cement could be 
considered as equivalent to a 150-200 B grade mete ee as 
predicted. 

Table 6.17 shows the properties of the asphalt cement 
recovered from the virgin asphalt concrete used for the 
surface course. The average penetration at 25°C was 121 and 
the viscosity at 60°C was 149 Pa.s, which would meet the 
Specttications for 120-150.A asphalt »cement. 

Tests on the 150-200 A asphalt cement supply samples 
averaged! 155 for penetration at 25°C and 89:5 for viscosity 
at 60°C. Using these average values for the recovered and 


original asphalts the retained penetration would be 78 
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percent with a ratio of 1.7 based on viscosity. Comparable 
results on residues from the Thin Film Oven Test (TFOT) were 
96 percent and 224 respectively. Very little hardening, much 
less than that from the TFOT, has taken place during mixing 
and placing of the virgin ACP. This lack of hardening may be 
due to the use of the Pyrocone during production of the 
Vio tien xs 

Tables 6.18 to 6.20 present the’ gradation of virgin 
aggregate, reclaimed and recycled mixes respectively, as 
reported by the Central Laboratory. Increased variablility 
in the aggregate gradation of the recycled mixes compared to 
the virgin mixes in evident. This trend was not noticeable 
in the field gradation results presented earlier in Tables 


Cre OMEO NG ic, 


6.8 General Observations and Conclusions 

The first hot mix asphalt recycling project on the 
Provincial highway system in Alberta has been successfully 
designed and constructed. Improvement of riding quality of 
the rehabilitated section of Hwy 2:26 and 2:28 has been 
achieved. Performance of the recycled pavement will await 
future observations. The short test section constructed on 
the project may provide information as to the performance of 
recycled asphalt concrete for surface courses under 
Palrticularecrariic and Climatic conditionsein Central 
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The following observations are based on an analysis of 


laboratory design and field construction data for this 


project. 


ies 


The cold milling operation, using the CMI Roto-Mills, 
was successful in partial width removal of asphalt 
CONG RE CER pavement. 

The amount passing all sieve sizes has been increased 
due to the cold milling operation compared to cores. The 
field measured percent increase in passing the 80 um 
Sleve size was 1-2 percent. 

The 75 percent reclaimed asphalt concrete and 25 percent 
virgin material mixed and placed successfully, and 
visually appeared identical to conventional mix. The R/V 
Fatvomotr cS) |Suwace not Sacistactory. 

The desired mix temperature was obtained with recycled 
Mim ata R/V ratio. Ob 75/25. 

The recycled asphalt concrete mix apparently cools 
faster than virgin mixes having the same discharge 
temperature at the plant. 

Compaction results for the recycled asphalt pavement 
indicated that an average density of 95.0 percent. was 
acheived, which is approximately 2 percent lower than 
the specified compaction. Results for the conventional 
ACP were of the same average density, but with slightly 
less variablity. 

[teappears that the variability im aggregate gradation 


is somewhat greater for recycled mixtures when compared 


= 
- 
Q a - 
a 
3 


a 
To aisylané co no benas 23h weakens 


a 
ee 


sifg 362 6205.1 sfro07hnees ate?. base ae 


iM a Iw 24) onlde . fadsetoqe 04) 20 in Bias 


' ee 
aidienn, Sat hehe vi bapsvag at lv leeetove 8e 
 tremeveg sseToRbS 


oo 
fs. De feleeeg (noon! OTF 


in , Aal 100 BPAPtiiae brag aad oO) ab 
o a9 5°5, 39491 Lu hee bielt 
jewarsarts! tov. edka orn. 
; ia Lapa oes so79q ST ste 
toe vitor ie ne nim tes a oe 
: 7 10SRe ciinuedy' 
rot im la ieee On aed) PI et oe Ob 7G3) 
; pis co~sjveeysene «it testgeh off - 
‘72 hie 
SS 
. Be. wid Ui ved bekime hegees iq’ adeeb 


ae LG els. Sm “<eeree 
ey jie he 2 aaa 
tow oflesyalT | é du yrisneb «pts808 We date bo regi 
© ¢lereniagiade B14 49\°V Dav 
sf ipevies Hg) 209: SF si2S4) of laa ii peitias 
Viato deotnly gic VLcHAae Sy +2 4¥e — a 
. 7 _ ieee arr TT) 
a mes seaetG s2ayete oa urs id 


bees hie wiein bahay 
“s - 


_ 
eS) 


oe 


with virgin aggregate mixtures. 

Using a 120-150 A virgin asphalt cement, the recovered 
asphalt cement for the R/V ratio of 75/25, was 
equivalent to a 150-200 B grade material. 

Virgin asphalt concrete mixes produced with the 

Boeing 400 Drum Mix plant equipped with Pyrocone 
exhibited very little hardening, much less than that 


EROMetnewlLnIneeDlmeoven Test. 
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7. CONSTRUCTION OF RECYCLING PROJECT NO.2 


7.1 General 

This chapter discusses the design and construction of 
the recycling project om Highway 2:18 2-20, from South of 
Crossfield to South of Carstairs. 

This project was the second contract awarded for hot 
mix asphalt concrete recycling on the Provincial highway 
system in Alberta and was designed and constructed during 
the summer and fall of 1982 (32,33). 

The recycling section was on the outer northbound and 
southbound lanes of Highway 2 from km 23.130 to km 31.189 of 
Concho MEsecevone: ic and .tromukme0s000) to Kkmey.07 0908 
Control =sectioni2s20e The total length of trecycling was 
30.258 lane-kilometers. 

This highway carries heavy commercial traffic, and also 
recreational traffie throughout the yeanssIinei1981 ‘this 
section of the highway was determined to be carrying an 
Average Annual Daily Traffic of 16 000 with 15 percent 
trucks. 

Peter Kiewit Sons Co. Ltd. of Winterburn was the prime 
contractor for the recycled asphalt concrete paving 
operation. Major equipment was a 600 tonne/hour Boeing 
Drum-mix Plant, a Blaw-Knox PF-180H paver, two Dynapac dual 
drum vibratory rollers and pneumatic tire roller. 

Budd Bros. Ltd. of Calgary was the subcontractor who 


performed the same work for the first recycling project Hwy 
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2:26; 2:28. Major equipment used was a PR-575 Roto-Mill with 
a 1.83 m (6 ft) mandrel and a PR-450 Roto-Mill with a 2.74 m 
(9 ft) mandrel. Both of these cold milling machines were 


manufactured by CMI Corporation. 


7.2 The Existing Pavement 

Highway 2 is a four-lane divided highway. The 
cross-section generally consists of a 7.32 m wide asphalt 
concrete pavement with 3.05 m outside and 1.22 m of inside 
asphalt concrete shoulder as shown in Figure 7.1. Cold 
milling and recycling was confined to the outer northbound 
and southbound lanes. 

This section of Highway 2, namely 2:18 and 2:20, was 
constructed in the period of 1956-1958 and was overlaid in 
1970 and has the following pavement structure: 

75 mm of 16 000 um topsize asphalt concrete (1970) 
100 mm of 16 000 um topsize asphalt concrete 
(19571956) 
350 mm of 40 000 um topsize stabilized granular base 
course (1956-1957) 
Some sections of 2:18 and 2:20 were overlaid with extensive 
patches totalling approximately 6 km in 1980 with 50 mm 


Of 16.000 um topsize asphalbrconerete: 


These sections are: 
Spi from km 24097 to km 25.034 (2318). 


=) from km 252958 to km 27-561 (2:18), 
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—SEROMe Kien ocosto Kit eosoogw(e s20)), 
Nei = frome km’ 24.097 “eoekm 2570345(2: 136) % 
ST ErOneni@aogs FOetOuekKINe Guoos (2.20) 5 
The condition of the existing pavement may be 
Summarized as follows: 
Northbound outer lane: 
Benkelman Beam Spring rebound (x+2o0): 1.18 mm 
CORO 47 Sima 198.1) 
Average RCI: 6.3 (1981) 
Surface Condition: major bleeding, moderate 
transverse, low temperature 
cracking averaging 25 m 
Spacing and an average of 
20>25°mm enue depths. 
Southbound outer lane: 
Benkelman Beam Spring Rebound (x+20): 1.14 mm 
(O20 256i) 11961) 
Average =REIs P6;6"(198 1) 
Surface Condition: major bleeding, major 
transverse low temperature 
cracking averaging 15 m 
spacing and an average of 
25-3 0Snn rub depiins. 
Table 7.1 shows the design summary of the asphalt 
concrete surface in 1958. The large amount passing the 80 um 
sieve and the VMA of 12.5 percent can be noted. Construction 


reports have not been summarized in tabular form, however 
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they show that the asphalt content averaged 5.9 percent as 
compared to the design of 6.0 percent with an average of 
15.8 percent passing the 80 um sieve. 

Tables 7.2 and 7.3 show the design and construction 
Summary of the overlay placed in 1970. This overlay is of 
importance since it is the one that exhibited bleeding and 
extensive rutting. A possible contributing factor is the 
high asphalt content. The construction summary shows that 
the asphalt content was 0.9 percent above the recommended 
design value. The gradation was within usual job mix formula 
recommendations, with the exception of 2 000 um Sieve size, 
which was 2 percent over the suggested maximum, 

Table 7.4 shows the design summary for the patched 
sections placed in 1980. Construction information is not 


available. 


7.3 New Pavement Design 

The existing pavement on the outer northbound and 
southbound lanes was to be cold-milled to a depth of 50 mm 
and a width of 3.66 m and replaced with recycled mix. The 
reason for this corrective action was severe rutting 
distortion in the outside lane. 

Due to poor quality aggregates being used in the 
patched sections placed in 1980, there were to be completely 
removed for the entire width of highway and the reclaimed 
materials from those sections were not to be used for 


recycling. The outer lane of the same sections was then to 
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be cold-milled to a depth of 50 mm and a width of 3.66 m. 
This was actually into the overlay placed in 1970. 

The cold-milled area was to be shifted approximately 
0.3 m off center line to the outside shoulder, in order to 
remove the pushed-up pavement which existed along the 
painted shoulder line. 

The inner northbound and southbound lanes required only 
minor levelling. The entire roadway width would then be 
overlaid with one 60 mm lift of virgin mix. Reference may 


again be made to Figure 7.1. 


7.4 Project Mix Design Procedure 

The same mix deSign procedure as described previously 
in Section 6.4 was used. 

The results of tests performed on cores are shown in 
Table 7.5. It should be noted that the recovered asphalt has 
a penetration at 25°C of 175 dmm and absolute viscosity at 
60°C of 57.7 Pa.S. It was considered that a softening agent 
was not needed and a harder virgin asphalt grade was 
required in order to acheive a binder more resistant to 
FULEINgethan the oniginal. 

After examining the results of all tests performed on 
cores from those section overlaid in 1980, it was decided 
that reclaimed material from these sections not to be 
recycled, hence no further tests were performed on these 


materials. 
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The recovered asphalt was batched together and blended 
at various "reclaimed asphalt to virgin asphalt ratios " 
(r/v) with a virgin asphalt grade of 150-200 A. These blends 
were tested for: 

“penetratron at 25°C, 

-absolute viscosity at 60° and Kinematic viscosity 
aoe Gio Ge 

-penetration at 25°C on the residue after the Thin 
Film Oven Test, and 

= Viscosity at o0°C and 135°C on the residue 

after the Thin Film Oven Test. 

The test results are shown in Tables 7.6 and 7.7. The 
penetration and viscosities for various r/v ratios were 
plotted on arithmetic scales and the relationship was 
approximately linear. With assumed characteristics of other 
virgin asphalt cements, estimates of the penetration and 
viscosities of the various blends were made without actually 
Carrying out physical testing. Figure 7.2 shows the 
estimated relationship between penetration at 25°C and r/v 
ratio for various asphalt grades. Figure 7.3 shows the 
estimated relationship between viscosity at 60°C and the r/v 
ratio for various asphalt grades. 

Figure 7.4 shows the characteristics of various blends 
using reclaimed asphalt from the project and four different 
Vinginswaspialv grades. lt should be notedy thar the values 
shown uSing grades of 100-120 A and 120-150 A are only 


estimates. 
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Figure 7.2 Relationship between penetration @ 25°C and i/ Veratiio for 
various virgin asphalt grades - Project 2:18, 2:20 
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Pigure 4/33 Relationship between viscosity @ 60 C and r/v ratio for 
various virgin asphalt grades - Project 2:18, 2:20 
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Figure 7.4 Characteristics of asphalt binder for various blends, 


Project 2:18, 2:20 
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Trial mix designs following the Marshall method were 
performed at various "reclaimed to virgin material" (R/V) 
raLvos of 100/07) 1/5/25, 50/50, and 07 100. The virgin asphalt 
grade of 150-200 A was used for all trial mix designs. The 
characteristics of the mix at the design asphalt content for 
the various mix designs are summarized in Table 7.8. 

As a result of the testing and evaluation, the recylced 
MiX was designed for a R/V ratio of 50/50 at total binder 
content of 5.4 percent by weight of dry aggregate. 
Summarized results and design curves for a R/V ratio of 
50/50 are presented in Table 7.9 and Figure 7.5. For this 
R/V ratio a virgin asphalt content of 2.2 percent was 
required. The virgin asphalt grade selected to be used on 
the project was 120-150 A which was felt would result ina 
150-200 A grade asphalt in the recycled mix. AS Seen in 
Figures 7.4 and 7.5, this addition 1s expected to decrease 
the penetration at 25°C and increase the viscosity at 60°C. 
The selection of an R/V ratio of 50/50 was based upon 
Several factors; the high fines content and poor quality of 
the reclaimed aggregate and the results of the trial mix 


designs. 
7-5 CONStTLUCTION 
7.5.1 Recycling Method 


The recycling operation involved the reclaiming of the 


existing pavement to a partial depth of 50 mm and width of 
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TABLE oo 


Summary Of TrialimMax Design = Progect 2-18; 2:20 
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80 1 ES A) PO 6.4 


* Based upon dry weight of aggregate 
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Figure 7,5 Marshall Mix Design Summary, R/V = 50/50 - Project 2:18, 2:20 


3.66 m by cold milling, hauling the reclaimed material to 
the stockpile site, recycling the combined reclaimed and 
virgin material through a drum mix asphalt plant and placing 
the recycled mix to a depth of 50 mm as recycled asphalt 
pavement. This was then covered with a 60 mm lift of 
conventional Asphalt Concrete Pavement except for three test 


sections described in Section 7.5:4. 


7.5.2 Reclaiming Operation 

Reclaiming involved cold milling of the existing 
Pavenentwto amdepen tof 50mm and width ofe3766imiti2cic). 

Themcontractor used twor GMI cold milling machines, vone 
PR-450 Roto-Mill which had a 1.83 m (6 ft) mandrel and the 
Sune rsaneAuboOgrade PR=5/75eRoto-Mrill whichihadea 2. 749m 
(9 ft) mandrel. Since only a width of 3.66 m of the existing 
pavement was to be cold milled, each machine milled only a 
1.83 m wide strip. The two machines were operated at a close 
distance in the order of 50 m apart. The reclaimed asphalt 
pavement was loaded directly via a conveyor belt into trucks 
for transportation to the plant site for stockpiling. Some 
fine cuttings were deposited behind the Roto-Mill on the 
milled surface. These fine cuttings were accumulated by the 
sweeper and dumped in front of the cold miller. This 
procedure contributed to the increase in fines content of 
the reclaimed material. 

Water was sprayed constantly in order to keep down the 


dust and to cool the cutting teeth. 
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An average of approximately 1 180 tonnes or 1.7 km of 
pavement was reclaimed in a 10-hour working day. The total 
amount of asphalt concrete reclaimed for the entire project 
waS approximately 24 700 tonnes. Each machine milled a 
1.83 m strip at a rate of approximately 5 m/minute, 
reclaiming about 55 tonnes/hour. 

Cold milling commenced on October 1st and was completed 
onTOctober 29th, 19682, 5a period of 2i working days. The 
PR-575 Roto-Mill was under repair for approximately 3 days, 
resulting in delays to the reclaiming and recycling 
operation. The air temperatures during the reclaiming 
Operation weresiieche range sot 70) to Z209Cy Thescold®mil ling 
operation was slower during the colder weather with an 
increased rate of tooth wear. There was an observable 
improvement in the reclaiming operation during the warmer 


days. 


7.5.3 Plant Operation 

The hot mix plant and the stockpile for the reclaimed 
material were located near the Carstairs Creek Crushed 
Stockpile 1S NEeGeUSWi25729-h-5)") Thetaggregate firom the 
Carstairs Creek Stockpile was used as the virgin aggregate 
for this project. ‘This aggregate was hauled@a distance of 
approximately 53 km from the Crosstiela Pit to the stockpile 
Site. 

The reclaimed asphalt concrete stockpile was kept to a 


maximum height of about 3 meters to avoid consolidation 
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during warm weather and segregation. However a proper 
Granular base torn the stockpiletwas not burle andithis<could 
have contributed to the contamination of the RAP. The 
Gonveyousbellewasmncotrused fonestockpi ling. 

The contractor employed a 600 tonne/hour Boeing Drum 
Mix Plant which was not equipped with a Pyrocone to protect 
the reclaimed asphalt concrete from direct contact with the 
burner flame. 

THe reclaimed asphalt concrete and the virgin aggregate 
were removed from the stockpile with a front end loader and 
placed into separate cold storage bins. From the bins both 
the reclaimed material and virgin aggregate were fed into 
the front of the drum by conveyor belt. The drum was 
inclined at 8.4 degrees to the horizontal. The proportioning 
of the reclaimed asphalt concrete and the virgin aggregate 
was done by the conveyor belt scales. Initially some large 
lumps of agglomerated materials were introduced into the 
drum. To prevent this a grizzly screen was installed. Lumps 
of both RAP and virgin materials were removed, which 
improved the texture of the pavement. 

The new asphalt was added near the mid-point of the 
drum. The recycled mix was then discharged into the hot 
elevator at the rear of the deum and transported up into a 
storage silo. 

Water was added to the mix at the front of the drum by 
means of two pipes that sprayed directly into the drum. The 


Spray rate was controlled by a water pump and varied from 
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1.7 percent to 2.5 percent by weight. Water was added in 
order to help control stack emissions, however, the amount 
of dust and smoke was extremely high and definitely not 
acceptable environmentally. The main reason for this 
extraordinarily large amount of smoke undoubtedly was the 
lack of a Pyrocone or heat shield to protect the reclaimed 
asphalt concrete from direct contact with the burner flame. 

The plant was operated at a production rate of 
approximately 280 tonnes/hour, and usually started producing 
recycled mix in the late afternoon. This was to allow time 
for the cold-milling operation to be sufficiently far ahead 
of the paver. 

During ithe \firsb halSdor the job the contractor did not 
have a thermocouple to properly monitor discharge mix 
temperatures. This caused very large fluctuations in mix 
temperatures ranging from 116 to 165°C., which is most 
undesirable in case of any kind of asphalt concrete mix, and 
especially recycled mix. The average recycled mix 
temperature for the first half of the job was about 143°C. 
For the second half of the job a thermocouple was installed 
and better control of mix temperatures was achieved. The 
corresponding average recycle mix temperature was about 


ieee pal Bae 


7.5.4 Paving 
Paving of the recycled asphalt concrete mixture 


commenced on October 2nd and completed November 3rd, 1982, a 
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period of 21 working days. The recycled asphalt concrete was 
about 18 000 tonnes in total, for an average of 
860 tonnes/day. 

After removal of the existing asphalt concrete and 
edeaningvotlatiedirt and debris» from the cold-milied 
SuUrEaGeyeDriOT) tompaving, a tack coat was applied using @ 
distributor. The material used was a SS-1 emulsified 
asphalt. 

The contractor used a Blaw-Knox PF-180H Paver for 
laying the mix, two Dynapac dual drum vibratory rollers 
CC42A and CC50A and a pneumatic tire roller for compaction. 
The paver screen placed the mix wider than the milled 
section, requiring hand raking to remove the excess. When 
this was not done the steel rollers were unable to properly 
compact the mix near the edge. 

Visually, the recycled mix placed on the road did not 
appear very Satisfactory. Some aggregate was partially 
coated, segregation spots were apparent and ravelling of the 
recycled mat began almost immediately. As seen from the 
compaction summary in Table 7.13, to be discussed later in 
Section 7.6.1, ravelling was due to inadequate compaction. 
Ravelling was reduced by using pneumatic tire rollers. 

The low degree of compaction was one of the major 
problems on this project, however, this improved somewhat 
due to an increased compactive effort during the second half 
Ofathearobem Thise us. a Wlsistrated? bymithesinesuitsr tor pacts 
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increased compactive effort resulted in densities averaging 
97.5 percent compaction for these units placed on three 
Successive days. Nevertheless, for the entire project an 
average compaction of 93.0 percent was obtained which was 
well below the specified minimum, and could not be 
considered satisfactory. 

On November 3rd three recycled asphalt concrete test 
sections were placed on the top lift of the southbound inner 
ane. R/V Gatwoseot 50/750, 25/775 and 15/85 were chosen: tor 
these three short test sections. A summary of the design 
data is presented in Tables 7.10 and 7.11. 

Descriptions of these three test sections are as 
follows: 

Section | R/V = 50/50. This Section began at station 
38 + 100° and ended at station 37 + 350.) The virgin asphalt 
cement added was increased from 2.4 percent, the design 
value, to 2.8 percent based on observations of some uncoated 
aggregate. The mix temperature was about 150°C. 

Numerous minor hairline cracks, segregation spots and 
uncoated aggregate particles were observed on this test 
section. 

Section 925- R/V = 25/752. This. sectionabegan, at station 
27 49350 and ended at Station 368+ 920. Thelvirgin asphalt 
cement added was raised from 3.9 percent, the design value, 
to 4.1 percent again arbitrarily based on visual 
observations. The mix temperature was about 150°C. The 


recycled mat looked much better than the R/V ratio of 50/50 
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Design Summary For The Three Test Sections On The 


Southbound Travelling Lane Highway 2:20, Top Lift 
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and all aggregates appeared coated. However, some 
segregation spots were still noticeable. 

Sectwones SeR/V = 915/85. “Uhiswsecticn began at estation 
S67 tel 2Z0eanceencedtal, Station 36 +a250eeThelvingin asphalt 
cement added was 4.3 percent, which was the design value. 
The mix temperature was about 150°C. The recycled mat looked 
Similar to the R/V ratio of 25/75. All aggregates were 
coated and only minor segregation spots were noticeable. 

It was noticed that all three test sections were 
compacted to low densities, which could be attributed to 
inadequate compactive effort for the cool air temperatures 


at the time of paving. 


7.6 Test Results 


7.6.1 Field Laboratory Results 

The results given in this section are based on the 
field laboratory tests obtained during construction. Tables 
7.12 and 7.20 summarize these test results. 

Table 7.12 shows the temperatures observed at various 
stages of construction. The average drop in temperature 
between discharge and placing, observed just behind the 
paver, was 11°C.. with a standard deviation of 7.9°C. 

Table 7.13 gives a summary of the compaction data. The 
average compaction achieved on this project was 93.0 percent 
with a standard deviation of 3.0. Figure 7.6 shows a 


histogram and frequency distribution of these compaction 
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data for the recycled asphalt pavement. According to 
contract specifications the asphaltic mixture should have 
been compacted to an average density of at least 97.0 
Percent and a minimum density of 95.0) percent at all 
locations. The achieved average compaction is about 4.0 
percent lower than the specified compaction. The primary 
reason for the low density is insufficient compactive 
effort, since acceptable values were obtained on some days. 
Contributing factors may be the low air temperatures and 
high fines content which made the recycled mix difficult to 
compact. The large variability of the compaction results can 
be readily seen in Figure 7.6. The results are not normally 
distributed, but seem to be very erratic. 

Figure 7.7 shows a histogram and frequency distribution 
of the compaction data for the conventional ACP used for the 
surface course on the same project. The average compaction 
is 93.2 percent with a standard deviation of 1.6 percent. 
These results are not as variable as those of the recycled 
pavement, however the average compaction is only 0.2 percent 
higher and well below the specified compaction. 

Table 7.12 summarizes the asphalt content 
determinations for the reclaimed asphalt concrete and 
recycled mix for each production unit. The average asphalt 
content for RAP was 6.2 percent, based on the reflux 
extraction measured in the field. This is the same as 
previous Central Laboratory test results on cores, although 


the construction summary in 1970 indicated an average 
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TABEE 67 22 
Temperature Variations For Recycled Asphalt Concrete 


Project. 251872220 


Temperature co 
DATE TIME UNIT 0 ; 
It # Discharge Placing Breakdown 
Mix At One the 
Plant Road 


02-10-82 14: 30 144 132 120 
ISS EXe) 2R 1539 UAg) E20 18: 
16:45 3R 39 15310 118 13 
04-10-82 ILA OS) 4R 142 120 108 8 
16:45 5R 162 128 109 9 
05-10-82 14:00 6R 140 13}0 110 10 
Gee) 7R 142 153)5 120 10 
06-10-82 US) 9 Se 9R 146 130 116 10 
07-10-82 1521010 11R 32 1215 120 !) 
LT uo 12R 146 125 118 8 
08-10-82 2/2530 13R 146 136 teal 10 
13-10-82 16:00 IR 146 SG 130 18 
14-10-82 Ls SO 22R 138 128 126 La 
15-10-82 Le 3C DIR 140 120 LO 13 
19-10-82 liGr els 28R 134 WLS) a2 4 
20-10-82 IE 0) 30R iLO) 120 108 3 
21-10-82 iKSe SO 34R 32 130 128 6 
22-10-82 LAI 3 Oo 37R 130 120 HS 5) 
23-10-82 1S}, 010 39R U2 148 142 6 
25-10-82 ilsyp G5) 43R 193'5 = = 7 
27-10-82 18:00 48R 154 148 140 4 


28-10-82 1k 33g Sy) 49R 1S 148 142 3 
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TABLE) elo 


continued 


Temperature (ok 


TIME 


Placing Breakdown 
On The 


Road 


Discharge 
Mix At 
Plant 


29-10-82 


29-10-82 


30-10-82 8 
30-10-82 9 
02-11-82 i 
02-11-82 i 


03-11-82 


03-11-82 


03-11-82 


* Units 57R, 58R and 59R correspond to test sections on Southbound lane. 
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Date 


02-10-82 


04-10-82 


05-10-82 


06-10-82 


07-10-82 


08-10-82 


13-10-82 


14-10-82 


15-10-82 


19-10-82 


Formed Specimen (Marshal1) 


5R 


6R 


9R 


12R 


13R 


19R 


22R 


25R 


28R 


TABLE 7.13 


Compaction Sunmary - Project 2:18, 2:20 


2361 


2345 


2368 


2370 


2364 


2382 


2347 


2346 


2318 
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Unit + 


Field Densities - 


Thickness 


mm 
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Cores 
Density Air 
kg/m? Voids 
% 
2235 BAS, 
2026 Mo? 
2296 455 
PSs} Iho 
2124 WS 
2100 ZG) 
2095 ihe oe 
2247 83 
2197 955 
2143 ibe 7 
2155 ah 
2241 7.4 
PN. 9.8 
2278 4.3 
2045 LS 50 
2189 10.6 
PANS 9.8 
2227] 9.0 
2199 10)5.3! 
2223 2.0 
2135 a. 
2072 Sac 
2070 14.9 
2104 UB. 7 
22a 9.8 
2155 120 
2145 12.4 
2162 WL 8 


So: "> ee oe 


‘a a LWAT 


sith. years he lrg 


Date 


20-10-82 


21-10-82 


22-10-82 


23-10-82 


25-10-82 


27-10-82 


28-10-82 


29-10-82 
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Compaction Summary - Project 2:18, 2:20 - continued 


Formed Specimen (Marshal1) 


30R 


34R 


39R 


48R 


49R 


52R 


2375 


2380 


2393 


2383 


2381 


2386 


2380 


3.0 


359 


hal 


4.2 


2205) 
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Field Densities - Cores % 
Unit # Thickness Density Air Compac- 
mm kg/m? Voids tion 
Es 
30R 45 2309 5.4 NSS 
30R 35 2335 4. 98.0 
34R 55 2301 .8 96.9 
34R 55 2318 ae OWS 
37R 45 2302 6.8 96.7 
37R 45 2362 4.6 99.0 
39R 45 2182 10.4 OZ 
39R 45 2279 623 95mzZ 
39R 45 2300 5) 96.1 
43R 50 2163 nS 90.8 
43R 50 2267 ESS O5n 
43R 50 2284 1ORZ 95.8 
43R 50 2165 Maes 90.8 
48R 55 2298 9.8 96.6 
48R 55 2242 Sez 94.2 
48R 45 212¢e WS 7 89.4 
49R 50 2322 4.6 oes: 
49R 70 2178 10.6 yale 3} 
49R 70 2189 NO 2 yale 7) 
52R | 50 2288 6.4 96.1 
52R 50 2280 6.0 O57 
52R 50 2323 4.4 O26 


ees) 
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Compaction Summary - Project 2:18, 2:20 - continued 


Formed Specimen (Marshall) Field Densities - Cores 
Unit # Density i i Density 

kg/m? kg/m- 
Si Re 


2379 é 2214 
2210 
2249 


03-11-82 


03-11-82 : 2153; 
2150 
PTA 


03-11-82 2180 
2NGi 
2179 


Average 
S=De 
No. 


* Units 57R, 58R and 59R correspond to test sections on Southbound Lane 
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asphalt content of 6.6 percent. 

Based on the 6.2 percent reclaimed asphalt content and 
SUR CablorOrwo0, 50 the plant controls were set for an 
additionvot 2,2 percent virgin asphalt cement. The asphalt 
content of the recycled mix, based on the ash corrected 
centrifuge results averaged higher than the optimum or 
expected asphalt content. 

Tables 7.15 fo) 7.17 present gradation results for the 
virgin aggregate, RAP and recycled mixes respectively. 

Table 7.18 gives a comparison of average gradation 
results for aggregate extracted from cores and cold-milled 
RAP. It can be seen that there has been a significant 
increase in the amounts passing each sieve size due to the 
cold milling operation. The amount passing the 5 000 um 
sieve size increased by 13 percent, the 315 um size by 3 
percent and the 80 um sieve size by 1.4 percent. It is 
desirable that the laboratory mix designs be based on 
gradation representative of the cold-milled material. 

Table 7.19 gives a comparison of the theoretical and 
actual gradation results for the recycled mix. The 
theoretical gradation refers to the calculated value of 50 
percent of virgin aggregate plus 50 percent of cold milled 
reclaimed material. It can be seen that the amount of fines 
has increased by approximately 1 percent through the Drum 
Mice plan tr 

Table 7.20 shows the production data for the project. 


Approximately 24 700 tonnes were reclaimed and 18 090 tonnes 


— | 
: ee ay a 2% -~ no 


a GVRP . 


reor 
baa 2nasre3 sJedgue had | sions Seer a ot n't van 


44 Jee are 0 sniebeg” ait (Da MOF lo oigat Ws 
=f a 


o/ snriei tT -nene7 sien idiegie J0O%1 79 es to 


= oS 7 


oe) : ae - - 


yes Asi she baead ate Beleyasi sly So * 


— 


sf01f Bepeseve etluces castles 
jnestoo tledqua betoeqea, 


me at.0 eeldet 7 
mf itsyter ena SAV 24 uerege nteet wr 


er ‘4 e- 5? 4 sida — 


r @Ga?ahiisge alias ree 10) eriyew 


ad T,| p ry sage (4 ic At es - 


a 
a 
oat 


Mints ay a : ’ ilijta oF 4 


oni Pag 7, el nl annex 


a 
wal ee : ct.2® ‘ ; ‘3 ests svete 
ee 
' | sara wa °8 ed? Soa IneDIeg 
c : fa" wot a 
&v las eka iosn teas if> tedd etdariar D 
7 a 
nepigna 4c ] e* Agi eoitebarp 
; . 7 > 

iy ala so/ mee tisgeor/e aveig €) .« gbdat 

: : _ - 
iY che Hetgeeae ets 103 sites ~iyeberp Leudoe 

: 
eats PEWS: Oe “) @yeber port ese7Te 169. 2070Re 
at at a ee oe * in. 

Del a ’ ' 7 33% ié Bila } -apucy "o 4] eth te 


S We Geile shits tena of tw 2 .iniveien/ ont 
¥34- ald (oucina 7 as ae ) phetamesa tg 


we 

~~ 

a penne 
— : - 


7 


= 


ea 


ST 
wu 
wy 
Gay {EXC Te 
SE LTE SE 
Bg ENE EE 
Pe 6T ve 
€°€ 6T Ns 
Cav be TY 
BG EV CE 
ome EL 18g 
Bac 02 NS 
Ge LT bE 
6°S 61 Tp 
Ory) 61 cb 
ae 61 8E 
mS cc ch 
ey GG OP 
8°P 1G 


OCG “Gi-G qoclorg 


€S 
LS 
bS 
8S 
1G) 
S9 
9S 
cs 
ES 
LS 
99 
S9 
GS 
99 
€9 


ee 


88 


Ip €9 L8 
: wt og | wi oot | unt cte | wn ocoz t| unt ooo s wrt 000 OT 
3UuszUOD 


BINASTOY Butssed queorag 


9T 
CaO) 
OOT 
86 
66 
OOT 
66 
66 
OOT 
66 
OOT 
66 
66 
OOT 
OOT 
Oot 
OOT 
OOT 
OOT 


wrt 000 9T 


# 3TUN 


aT tdypojsS peysnIng yeeID sitTezsIreD wory aqeberbby uTHITA JO uotTIeEpeAy 


St <£ TIava 


Lees 


uoTye1edo hutT{ Tw ptoo Aq butwteposy yy 


‘uoT}0e14x9 abnjtaquso Aq 3SeI ayy pue »TJoy Aq paqoeIAxXS aTOM UEP pue Ugz ‘UL ‘UP Saag) 6 


Ell eal aie “ON 
S°0 8°? jE Gas 
rs 88 66 eberaay 
Soi! €6 OOT Yop 
Lac 06 86 xUEh 
sas S8 86 Yee 
== 06 86 ULE 
One S8 66 YOe 
== 98 86 ¥U87 
Sie 88 OOT uSz 
rs 98 66 U2z 
inc 88 66 ed 
GG €6 OOT UIT 
OG NE ce SP 69 06 66 ¥Ul 
vaae i 02 SE 6€ Eg S8 66 ¥dp 

am z stow 
Butssed qusoieg +Fun 


OZ?2 ‘8T?z qoelorg 
¥¥SPAIOUOD FTPYGSY poulTeTO=eYy worF uoT}_OeEIAXY oehnytazAqueD Aq peqoeryxyW o7eberbby JO uoTRIepeEIryH 


9T°L FIA 


im woe feo 4 WW 


ica ¢ eu 


eo es 


- 


os eae " & 


ee eee 


Waa ea Eee 
See all a pte oh 
——! > —< 

_ — 


Loe 


TABLE 72107 


Gradation of Aggregate Extracted by Centrifuge Extraction From Recycled Mix 


Project 2:18, 2:20 


Percent Passing 


160 wm 80 um 


Average 
SnD 
No. 


NOTE: Recycle Mix Moisture Content were Constant ata Ol to) 052% 
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TABLE 7,18 
Comparison of the Average Gradation Results of Reclaimed 
Aggregate fram CORES and from COLD-MILLED Material 


Projecte2-=13 7 2720 


Percent Passing 


Reclaimed Aggregate Reclaimed Aggregate 
(CORES) (COLD-MILLED) 
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TABLE 7.49 
Comparison of Theoretical and Actual Average Gradation 
Results of Recycled Mix @ R/V = 50/50 


Project 2:18) 2220 


Recycled Mix Recycled Mix 


@ R/V = 50/50 @ R/V = 50/50 
PLANT* THEORETICAL** 


* Boeing 600 Drum Mix Plant. 


** Calculated value of 50% of virgin aggregate 
gradation plus 50% of cold-milled reclaimed 
gradation. 
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TABLE 7.20 
Production Data = Projece 2718, 12:20 


Reclaimed Recycled 
Asphalt Concrete Asphalt Concrete 
Tonne Tonne 


01-10-82 aoe 
02-10-82 647.45 
04-10-82 796.65 
05-10-82 880.00 
06-10-82 614.05 
07-10-82 863.85 
08-10-82 1 138.05 
12-10-82 = 

13-10-82 896.60 
14-10-82 B75 US 
15-10-82 523/250 
19-10-82 624.85 
20-10-82 599)99 
21-10-82 602.95 
22-10-82 390585 
23-10-82 5 10) 
25-10-82 é 994.50 
26-10-82 PR ES, 
27-10-82 584. 40 
28-10-82 S N85 75) 
29-10-82 175/565 
30-10-82 2, 0152180 
02-11-82 1 416.95 
03-11-82 Dee 2220, 


* L.C. stands for Levelling Course. 


** The total reclaimed asphalt concrete includes 9 149.0 tonnes of 
reclaimed material from the overlay sections. 


t+ The total recycled asphalt concrete includes the top lft laid 
on Southbound travelling lane on Nov. 3rd and the levelling 
course applied on Oct. 30th and Nov. 2nd. 


# The total length of recycled asphalt concrete pavement includes 
1.85 km of top lift on the Southbound travelling lane. 


elt eS 


ss 


biti 


a 


— 


if 


of recycled mix were produced. In addition an unknown amount 
of recycled mix was produced and used for the levelling 
course occasionally. Almost 33 km of recycled mix was 


placed, ineluding the trial™ sections of surface course, 


7.6.2 Central Laboratory Testing 

The following Tables present the test results obtained 
at the Central Laboratory of Alberta Transportation Testing 
Services in Edmonton. 

Tables 7.21 to 7.23 show the recovered asphalt 
properties for the reclaimed, recycled and virgin asphalt 
concrete for the project. The tests performed on the 
recovered asphalt cement included absolute viscosity at 
60°C; Kinematic viscosity at 125°C and penetration at 25°C: 
The average values have been recalculated after excluding 
some obviously invalid data reported by the Central 
Laboratory on their summary. The comments made in Section 
6.7.2 regarding incomplete removal of extraction solvent 
also apply to these results. 

Table 7.21 gives the recovered asphalt properties of 
the RAP. Comparing these results with those reported on the 
COres=am Table 7.5, the penetration at 25°C 2s slightly 
lower, however the absolute viscosity at 60°C is 
Significantly higher. 

Table 7.22 gives the recovered asphalt properties for 
the recycled mix . The penetration at 25°C is lower and the 


absolute viscosity at 60°C is higher than that based on 
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TABLE 7.21 
Recovered Asphalt Properties of Reclaimed Pavement 
Projece. 2:18 702220 


Kinematic Penetration 
Viscosity at, 2526 

ate 35°C 

mn*/S 


Average 
Ses 
No. 


* Data excluded from average 
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TABLE 7.22 


Recovered Asphalt Properties of Recycled Mix 
Project s25h8 7 2220 


Tests on Recovered Asphalt 


Penetration 


At 25°C 


6.0 
Sid 
Ses) 
ees) 
5.4 
6.4 
6.9 
om 
Die 
52.6 


Average 
DE, 
No. 


* Data excluded from average 
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TABLE 7.23 
Recovered Asphalt Properties of Virgin Asphalt Concrete 


Project 2:18, 2:20 


Tests on Recovered Asphalt 
Core Asphalt 


Absolute Penetration 
Viscosity 
At 60°C 

Ramo 


At 25°C 
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* Data excluded from average 
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asphalt recovered from core samples and blended with a 
virgin 150-200 A asphalt cement. Since a 120-150 A asphalt 
cement was used in the field, these results are close to 
those predicted by Figures 7.4 and 7.5. The recovered 
asphalt could be considered as a 120-150 A grade material. 

Table 7.23 shows the recovered asphalt properties from 
the virgin mixes used on the top lift on the project. The 
average results indicate the recovered asphalt to be close 
to a 120-150 A grade, the same as was supplied. The 
penetration 1S within the acceptable range, however the 
abDSOLULesVISCOSTLyaal@o0 Geis eVeryahighwand just outside the 
Specified limits. The fact that much of the data has been 
excluded from these averages, and many results indicate the 
recovered material to be softer than what should have been 
supplied, leaves this data to be questionable. 

Tf thesresults! for core No. 0s 477710 and 13 were 
considered to be reasonable, the average penetration at 25°C 
was 62 and absolute viscosity at 60°C was 369. Based on 
average original supply values of 131 and 94.5, 
respectively, the retained penetration was 47 percent and 
Cneuratro fOreviscosity at 60°C was 3. 9°s Comparable results 
on residues from the TFOT were 51 percent and 2.3. Previous 
experience would indicate that there is an excessive amount 
of hardening during the mixing process (34), in that this 
was even greater than that occurring in the TFOT. 

The variability in asphalt content of the various mixes 


can also be seen from Tables 7.21 to 7.23. The standard 
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deviation for the recycled mix was 0.5 percent and 0.2 
percent) for, the virgin mix. This larger standard deviation 
for the recycled mix 1s probably due to the variability of 
the RAP which had a standard deviation of 0.4 percent. 
Tables 7-24 to 7.26 present the gradation of the virgin 
aggregate, reclaimed and recycled mixes respectively, as 
reported by «the wcentral Laboratory. —Inereased variability in 
the aggregate gradation of the recycled mixes compared to 


virgin mixes iS evident. 


7.7 General Observations and Conclusions 

Recycling project 2:18, 2:20 was the second recycling 
project in Alberta. This project was not very successful 
from a construction standpoint. Low compaction, resulting in 
early ravelling, and excessive stack emissions were the 
major problems involved in this project. 

Many agencies in the U.S.A. have adopted regulations 
allowing an emission rate of particulate matter not greater 
than 0.04 grains per dry standard cubic foot, and less than 
20 percent equivalent opacity (35). Particulate and opacity 
requirements specified by Alberta Environment for asphalt 
plants are generally a maximum of 0.2 kg particulate matter 
per 1000 kg of stack gases, and maximum visual emission not 
to exceed an opacity of 40 percent over a period of six 
consecutive minutes. 

Since the recycled pavement surface is covered with an 


asphalt concrete overlay, surface evaluation will be 
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Gdifficult. However, the three test sections on the 


southbound travelling lane with a recycled asphalt concrete 


surface could give an indication of recycled pavement 


performance an ‘the future: 


The observations made during the course of the project, 


and thewconclusitonstdrawnm are TPisted ac follows: 


ie 


The cold milling operation, using the CMI Roto-Mills, 
was successful in partial removal of the asphalt 
concrete. 

The percentage passing all sieve sizes has been 
increased due to the cold milling operation compared to 
cores. The percent increase in passing the 80 um sieve 
was 1-2 percent. 

The amount of fines has increased by approximately 1 
percent for each sieve size as the material passed 
through the Drum Mix plant. 

By using a proper temperature control device, the 
desired mix temperature can be obtained with recycled 
mixes. 

The stack emissions were extremely dark due to not using 
a Pyrocone. Although no tests were conducted, visual 
observations indicated that normal environmental 
regulations were not met. 

Compaction achieved for the recycled asphalt pavement on 
this project average 93.0 percent with a standard 
deviation of 3.0 percent, which is 4.0 percent below the 


specified minimum. Results for the conventional ACP 
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surface course averaged 93.2 percent but with 
Significantiy tess variability. 

It appears that the variability in aggregate gradation 
and asphalt content for recycled mixtures is larger than 
POravinginimixtures.. This \increasesin varvability 
suggests that recycled asphalt concrete construction 
projects be continuously monitored so that mix 
adjustments can be made as needed. 

Placing and compacting of recycled mixes can be 
accomplished using the same equipment and procedures 
used in conventional ACP, provided adequate care and 


effort is used, 
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8. ECONOMICS OF RECYCLING 


8.1 General 

One of the primary reasons to recycle is economic. 
Recycling offers many potential benefits. Three of the major 
ones are energy Savings, cost reduction or savings and the 
conservation of natural resources. 

Selection of the most appropriate rehabilitation or 
maintenance alternative for a particular project is largely 
dependent upon cost and energy consumption. The primary 
advantages of recycling are saving in the reuse of asphalt 
cement already paid for, but the savings in aggregate is 
also very significant. High quality aggregates in surface 
courses in major highways can be salvaged and reused. These 
advantages have always existed, but prior to the development 
of new technology and equipment, could not be exploited ina 


practical sense. 


8.2 Energy 

Energy consumption may become a primary factor in 
determining which rehabilitation method is to be used on 
existing pavements. Recycling can conserve substantial 
amounts of energy on many projects when compared to 
conventional rehabilitation methods. 

In determining energy savings, many factors must be 
considered in each project including the following (36,37): 


1. Amount of virgin aggregate required, 
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2. Virgin aggregate haul distance, 

3. Amount of new asphalt cement required, 

4. Asphalt cement haul distance, 

5. Pavement removal method, 

6. Pavement crushing method, 

7. Haul distance from project to crushing and mixing plant, 

Cee ilype Ob mmixingmplant, 

9. Moisture content of reclaimed material and virgin 
aggnegate: 

When evaluating the energy input on bituminous 
construction, transportation and construction energy are two 
categories of major interest. These categories consist of 
the fuel used in hauling materials, and in operation of 
equipment used in processing materials and manufacturing the 
finished product. In considering recycling and alternative 
procedures, the difference in energy used in these 
categories will likely be one of the major considerations in 
determining relative costs. Conservation in these categories 
has a direct bearing on reducing costs of highway 


construction. 


Seo scoseT 

On many projects, total cost is the primary 
consideration in determining the type of rehabilitation 
procedure to use. For recycling to be selected, it must 
usually be the least expensive of the alternative methods. A 


direct way of looking at savings 1s to assess the 
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differences between the estimated cost for the alternative 
design which was not built and the actual contract cost for 
the recycling design. However, this is quite a difficult 
process and many different items are required to be 
considered. 

Various recycling techniques can be used to reduce 
costs in rehabilitating pavements. For each project, the 
reduction in cost depends on the prevailing conditions. 

There are many economic advantages to hot mix 
recycling. The asphalt cement binder and aggregates which 
are reused in recycled hot mixes, do not have to be paid for 
again. There is, however, a cost attached to reclaiming and 
Sizing the old pavement for reuse. Furthermore, there is the 
cost of hauling the reclaimed material for the roadway to 
the plant site (38). However, in the case of haulage, it is 
often possible and practical to execute this as a back haul 
process, that is, the recycled mix is hauled out to the road 
from the plant site and the reclaimed materials are hauled 
back to the plant site on the return journey. 

The saving in asphalt cement and aggregate tonnage 
through hot mix recycling, depends on the ratio of the 
reclaimed to virgin materials used. The higher the ratio of 
reclaimed material used, the greater the saving in asphalt 


cement and aggregates. 
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8.4 Cost Analysis of Alberta Recycling Projects 

In this study, two recycling projects in Alberta are 
chosen for cost analysis. 

Unit prices and material costs are obtained from 
estimate sheets used in a cost comparison prepared by 
Alberta Transportation personnel. A cost analysis for the 
projects based on initial construction costs is presented in 


the following sections. 


824.1 Recycling Project No.1 Highway 2:26, 2:28 

For thercostilanalysis of thissproject -etwo types of 
cost comparisons are made. The first compares the unit cost 
per tonne of recycled asphalt pavement to conventional 
asphalt pavement used for the surface and/or levelling 
course(s). The other compares the cost per kilometre of 


recycled pavement to that of levelling course. 


General Information: 


Total length of recycled pavement= 18.76 km 


Total reclaimed asphalt concrete= 7344.15 tonnes 
Total recycled asphalt concrete= 7000.79 tonnes 
Virgin asphalt content used= 0.7 percent 


Reclaimed pavement asphalt content= 6.0 percent 


Recycling ratio R/V= [ey es: 


Unit Prices: 


Reclaiming existing pavement $6.96/tonne 
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Recycled asphalt concrete $6.57/tonne 
Conventional asphalt concrete $5.43/tonne 
Basice loading factor? (Bile F,) $0.752/tonne 
Haul $0.155/tonne-km 


Material Costs: 


Asphalt cement (120-150 A) $250.00/tonne 
Aggregate $2.65/tonne 
Sand $05392/m° 


how 


For ease of calculations, the distance to the mid-point of 


project was chosen for haul. This distance was 


Comparison 1: Cost per tonne of recycled asphalt pavement 


versus conventional asphalt pavement for surface and/or 


levelling course(s). 


Cost of 1 tonne of recycled asphalt pavement: 


Reclaiming existing pavement 1x6.96= 

Be his. ite 1x0.752= 

Haul lel SS6x00 di 5= 
Recycled asphalt concrete 1x6557= 

Brink. 1x0.752= 

Haul 1x17. 596x077 115 
Asphalt Cement 0277100 .7x%250= 
Virgin Aggregate 25/ 100x2e65= 


Totalmcostlolun tonnencr 
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recycled asphalt pavement= P2009 


(b) Cost per tonne of conventional ACP for surface course. 


Conventional asphalt concrete 1x5.430= $5.43 
Bieter 1x0)..752= S.07a75 
Haul io OF 6RO. Toe “$1.33 

Asphalt cement (5.6%) baOy WOSLOx 250s eS loc 5 


Aggregate (cost of splitting 
and 10% sand imc luded) 1x%3.394= $3.39 
Total cost of | .tonnesobeconventional ACE= S245 


(Surface course) 


(c) Cost per tonne of conventional ACP for levelling course: 


Conventional asphalt concrete 1x5.4305 $5.43 
lapel edo 1x0 27 52= $0.75 
Haul ix lo S620R li Ss5 5 i233 

Asphalt Cement (6.3%) 6p 3/ NO Geex 2 o0= 9S 14575 

Aggregate 1x2.65= $2.65 

Total cost of 1 tonne of conventional ACP= $2492 


(Levelling course) 

imp comparing these three total costs clearly, the coc 
per tonne of recycled asphalt pavement is the least 
expensive. There is a saving of $4.06 per tonne compared to 
asphalt concrete surface course, and a saving of $4.83 per 
tonne compared to asphalt concrete levelling course. Figure 
8.1 shows the graphical comparison of these costs. As could 


be expected the new asphalt cement is a major component of 
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Heating 
and 
Mixing 


New 

Asphalt A 

Cement 

COE) 
Reclaimed 
Asphalt 
Concrete 

(RAP) 
Aggregate 

Recyc led Convent ional 
Asphalt Asphalt 
Concrete Concrete 


Note: The salvage value of the 25% remaining material is not included. 


Figure 8,] Cost comparison of 1 tonne of recycled asphalt concrete pavement 


and 1 tonne of conventional asphalt concrete pavement. 
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the conventional ACP cost. 
Comparison 2: Cost per km of recycled asphalt pavement 
versus asphalt concrete levelling course, for one-lane 


wldtuh. 


(a) Cost per km of recycled asphalt pavement: 

Recycled pavement thickness = 40 mm 

Recycled pavement width = 3.66 m 

Average density of recycled pavement = 2 253 kg/m? 

Total weight of recycled pavement for 1 km = 330 tonne 
(approne®) 

Total cost of 1 tonne of recycled asphalt pavement=$20.09 
Total cost of 1 km of recycled asphalt pavement 


=RsSOPxE 202 09h =n$6 630 


(b) Cost per km of asphalt concrete levelling course: 
Average levelling course thickness = 20 mm 

Levelling course width = 6.60 m (including outside shoulder) 
Average levelling course density = 2 204 kg/m3 

Total weight of levelling course for 1 km = 290 tonne 
(approx. ) 

Total cost of 1 tonne of levelling course = $24.92 

Total cost of 1 km of asphalt concrete levelling course 


=e 908s 24509 2S) fie 30 


These estimates show that the cost for 1 km of 40 mm of 


recycled pavement is less than the cost for 20 mm of 
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levelling course applied to the one-lane plus outside 
shoulder. Actual costs are dependent on thicknesses and 
widths used, however these estimates enable a comparison to 
be made for the two rehabilitation alternatives used on this 
project. 

The salvage value of reclaimed asphalt pavement 
materials is equal to the value of the asphalt and aggregate 
less the costs to remove and haul these materials and any 
costs necessary to prepare them for the recycling process 
305); 

It should be noted that 25 percent of RAP which 
totalled approximately 1 840 tonnes was stockpiled and not 
used for this project. Therefore approximately 104 tonnes of 
asphalt cement, and 1 736 tonnes of aggregate remained in 
the stockpile. This may have an estimated value of $30 600, 
based on unit costs for asphalt cement and virgin aggregate. 
In a sense this value should be deducted from the project 
POtalscost, ehence; mreducang= the total cost foferecycling:. 
Having deducted this value, the total “cost of 1 tonne of 
recycled pavement reduces from $20.09 to $15.72, 
approximately 65 percent of conventional ACP. Similarly, the 
total cost of 1 km of recycled pavement reduces from $6 630 
toss5 000. 

In this Project, a total of approximately 4,990" tonnes 
of aggregate and 300 tonnes of asphalt cement have been 


conserved by recycling. 
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8.4.2 Recycling Project No.2 Highway 2:18, 2:20 

For thescostvanalysis ofwvthismproject, ancomparison of 
cost per tonne of recycled asphalt pavement to conventional 
asphalt pavement is made. Comparisons of the cost per 
kilometre have not been made due to incomplete information 


regarding the levelling course. 


General Information: 


Total length of recycled pavement= 32.810 km 


Total reclaimed asphalt concrete= 24 682.90 tonnes 
Total recycled asphalt concrete= 186090 .05 tonnes 
Virgin asphalt content used= 2.3 percent 


Reclaimed pavement asphalt content= 6.2 percent 


Recycling ratio R/V= 50/50 


Unit Prices: 


Reclaiming existing pavement= 3.00/tonne 
Recycled asphalt concrete= $9.63/tonne 
Conventional asphalt concrete= $9.34/tonne 
Basic loadingefactor (B.b.F.)= $0.73/tonne 
Haul= $0.11/tonne-km 


Material Costs: 


Asphalt cement= $246.59/tonne 


Aggregate= $1.69/tonne 
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Bor shegeasesotecalcularions, the@disctance co midepoint of 
project, which was 3.210 km, was chosen for haul 
determinations. The virgin aggregate was hauled a distance 


Ott ss. 0opkmeivomithiesCrossiieldtPatetoathe plantesites 


(a) Cost per tonne of recycled asphalt pavement: 


Reclaiming existing pavement 1x3.00= $3.00 
Belk. 1x0.730= SOMas 
Haul (ees A OB the $0.35 
Aggregate (50%) 0. 5x 1 meee $0.85 
Bells O25x0.73= $0.87 
Haul ORS oOSeO DKON ll =a ge. o2 
Recycled asphalt concrete 1x9.65= $9565 
Bei i. x0. 73 $0078 
Haul ixoez10x0sit= $0235 

Asphalt cement (120-150 A) 2.3/102.3x246.59= 
$5.54 


FotaltcoshsOmn 1s Eonne 


of recycled asphalt pavement= $24.49 


b) Cost per tonne of conventional ACP for surface course: 


Aggregate 1x1.69= Sil Oo 
Breilire ta. 1x0.73= $0.73 
Haul 1x53.047x02 11= $5.84 

Conventional asphalt concrete 1x9.34= $9.34 
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Haul eRe ey TOE Ae ee i $06.55 
Asphalt cement (120-150 A) 5.6/7105,6x246 259= 
$13.08 
Total "cost ch i tonne of conventional ACP= $o26 16 


By comparing these two costs it can be seen that the cost of 
1 tonne of recycled asphalt pavement is less expensive than 
that of conventional ACP. There is a saving of $7.27 per 
tonne uSing recycling. Figure 8.2 shows the graphical 
comparison of costs. 

it should be noted that only 50 percent tot the 
reclaimed materials used in the recycling project, and an 
amount of approximately 9 045 tonnes left in the stockpile 
or used for other purposes. Therefore approximately 
528 tonnes of asphalt cement, and 8 517 tonnes of aggregate 
remained, which may have an estimated value of $144 590. 
This value may be deducted from the recycling project total 
COSt) Having donestnhatyethe totel costwoie ls Eonne ot 
recycled asphalt pavement reduces from $24.49 to $16.50, 
approximately 52 percent of conventional ACP. 

In this project, a total of approximately 8 582 tonnes 
of aggregate and 520 tonnes of asphalt cement have been 


conserved by recycling. 
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Note: 


The salvage value of the 50% remaining reclaimed materials is not 
included. 


Figure 8.2 Cost comparison of 1 tonne of recycled asphalt concrete pavement 


and 1 tonne of conventional asphalt concrete pavement. Project 
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9. CONCLUSIONS AND RECOMMENDATIONS 


9.1 Conclusions 

The purpose of this research was to investigate the 
application of asphalt concrete recycling and to propose 
improved design and construction techniques and 
recommendations. The findings of this study indicates that 
pavement recycling can be the most desirable and cost 
effective pavement rehabilitation alternative. 

The two Alberta recycling projects conducted in 1982 
confirm that pavement recycling is a viable construction 
procedure requiring proper care and effort in design and 
construction. Evidence indicate that the future in recycling 
will yield tremendous savings in energy and natural 
resources, without sacrificing quality in pavement strength 
or design. 

The following conclusions are drawn from the results of 
laboratory and field construction data, visual observations 
during the course of construction of the two recycling 
projects, and the review of the existing literature. 

1. Partial width and depth removal of asphalt concrete 
pavements can be accomplished with cold milling 
equipment operating on divided highways carrying large 
volumes soft@trat fic. 

2. The reclaimed asphalt concrete material (RAP) can be 
used without further crushing, provided that it is 


properly handled and stockpiled. Conveyor belts may not 
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be used in stockpiling the RAP, however, screens to 
prevent oversize particles from being introduced into 
the drum mix plant are necessary. 

Cold milling results in degradation of the reclaimed 
aggregate. Comparing extracted aggregate gradations of 
RAP with core samples shows an increase in amounts 
passing all sieve sizes. Average increases on the 

5 000 um Sieve were 13 percent, on the 315 um size 3 to 
6 percent and passing the 80 um sieve approximately 1 to 
2° percent. 

Preliminary laboratory mix designs based on cores are 
possible, however it is desirable that actual aggregate 
gradations of the RAP be available for use in designs. 
Increased variability in aggregate gradation of recycled 
mixes compared to conventional mixes iS evident. This 1s 
basically due to the nonuniformity of the reclaimed 
materials. 

Average compaction results for the two recycled asphalt 
pavement projects did not meet the required 
Specifications. However, individual results showed that 
the specified density requirement could be met, if 
adequate compactive effort is used. Compaction results 
for the conventional ACP surface course were similar to 
the recycled mixes for both projects. Hence with proper 
compaction equipment and adequate effort the specified 
density for recycled pavement can be achieved. 
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recycled asphalt pavements compared to conventional ACP, 
OneDOothe projects eTh2sais* particularlyeevidentetorsthe 
recycled asphalt pavement on the second project. 
Operating Boeing-type Drum Mix Plants without a 
Pyrocone, or some other direct heat protective device, 
at R/V ratios as low as 50/50 produces excessive stack 
emissions that would not meet normal environmental 
regulations. 

Comparative average costs per tonne in place show that 
recycled asphalt pavement is 18 to 24 percent less than 
conventional ACP, depending on the recycling ratio and 
Many Other (lactorssparticular toveach project .elt 
Salvage values are assigned to the RAP not used for 
recycling on these projects, further savings can be 
shown. 

Comparative estimated costs per kilometer on the first 
project show that 40 mm of recycled asphalt pavement, 
one lane in width, is less expensive than 20 mm of 
levelling course applied to one lane plus the outside 
shoulder. 

Approximately 13 570 tonnes of aggregate and 820 tonnes 
of asphalt cement have been conserved by recycling on 


these two projects. 
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9.2 Recommendations 


Recommendations arising from this investigation, based 


on existing literature and experience gained from the two 


Alberta recycling projects, are listed as follows: 


is 


Recycling projects should not be designed for R/V ratios 
in excess of 75/25. 

Preliminary mix designs based on cores should be 
adjusted as soon as possible when reclaimed materials 
become available. It is desirable that the actual RAP be 
used for the job mix design. 

Tighter controls are needed in the field on recycled 
mixtures to overcome the inherent variability associated 
with the process. The mixing process requires continous 
inspection and attention to improve uniformity and 
qualiey: 

The cold-milled surface should be dry and properly swept 
free of any loose material prior to application of the 
tacks coat. 

If there is an excess amount of fine materials in the 
virgin or reclaimed aggregate, dumping of the fine 
cuttings ineibone of the cold miller by hnesmobite 
sweeper should be avoided. However, the cold-milled 
surface should be properly swept. 

The plant should be equipped with a specially designed 
Pyrocone or some other device to protect the reclaimed 
asphalt concrete from direct contact with thes burner 


flame. 
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Stack emissions should be monitored periodically during 
recycling operations in order that plant operating 
parameters be developed which would assist in meeting 
environmental requirements. 

In any recycling project the mix temperature should be 
carefully controlled by uSing a proper temperature 
control device, otherwise large fluctuations in mix 
temperatures can be expected. 

Due to the rapid loss of heat of recycled material the 
rollers should follow the paver as closely as possible. 
Pneumatic tire rollers should be used on recycling 
projects, particularly when partial width removal is 
done. This helps to increase the compaction in the 
vicinity of the joint line of the existing pavement and 
the newly placed mix. 

Recycling projects are best done during the warm 
seasons, since the cold milling operation is faster and 
paving in warm weather is more desirable. 

Periodic evaluations of performance of the recycled 


pavement should be undertaken. 
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